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system which have been exploited.

The report provides a summary of the Optimal Design Intearation
(ODIN) System as it exists at Langley Research Center.
of the ODIN System, the executive program and the data base concepts
are presented. Two examples illustrate the caprabilities of the

summary of abstracts for the ODIN library programs and a description
of the use of the executive program in linking the library programs.

A discussion
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 This repar-—ﬁa- ,,,,, bes_the Optimal—- . ! :

system in operatien-at Langley I Rgge rch Center (LRC} at the com-
pletion of the contract NAS1-12008, "Expansion and Extension of
the ODIN/RLV Computer Program." The study was carried out in
the period from November, 1972, through November, 1973 with
funds provided by the National Aeronautics and Space Administra-
tion, Langley Research Center, Space Systems Division, Vehicle
Analysis Branch. The report specifically describes the ODIN
system at LRC but generally applies to other systems which have
been installed at the NASA Ames Research Center facility, the
USAF Flight Dynamicgs Laboratcory facility and the NASA Johnson
Spacecraft Center facility.

The ODIN system was initially developed during 1971 and 1972
under parallel contracts with the National Aeronautics and Space
Administration, LRC (NAS1~10692) and the USAF Flight Dynamics
Laboratory (F33615-71-C-1480). The original system was developed
for CDC 6000 series computer but the system has since been con-
verted to the Univac 1100 series computer under contract (VASQ-
12829) to NASA Johnson Spacecraft Center. o

The approach to the research study was somewhat novel in that

the combined efforts of the Aerophysics Research Corporation (ARC)
personnel and the NASA Langley Research Center technical staff
were utilized to accomplish the objectives. ARC provided the
expansions, extension and consultation with regard to the ODIN
library and executive programs. LRC provided the technical staff
to establish and maintain ODIN design simulations in support of
current NASA research activities. Numerous applications of the
ODIN system have been accomplished by NASA personnel, two of
which are presented.
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ODIN: OPTIMAL DESIGN INTEGRATION SYSTEM

- By €. R. Glatt and D. S. Hague
Aerophysics Research Corporation

SUMMARY

The ODIN system is a digital computer program complex for the
synthesis and optimization of reusable launch vehicle preliminary
designs. The system consists of a library of technology modules
in the form of independent computer programs and an executive
program, ODINEX, which operates on the technology modules.

The ODIN library contains programs for estimating all major
flight vehicle system characteristics, such as geometry, aero-
dynamics, propulsion, mass properties, trajectory and missions,
economics, steady-state aeroelasticity and flutter, and stability
and control. 1In acdition, a set of utility programs-is available
as aids in the linkage of the technology program library and

in‘ erpretation of rimulation results. .

The executive program controls the design synthesis by operating
on the program library under control of a user specified synthe-
sis procedure established by the irnput data. Any set of vehicle
component matching and sizing loops can be defined. There is

no effective limit on the design sequence "topology" which may
be employed in a simulation. A data link is provided by a data
base which is accessible by all programs through the executive
program. The data base interfaces are establlshed in the input
stream of the library programs.

The data base used by the ODIN system consists of the dynamically
coastructed name addressable region of online storage which is
aczessible to the executive program in segments. Each segment
renresents a subset of the total data available and is retrieved
as required to satisfy data interface requirements. In addition,
the executive program can address all or portions of existing
structured data sets for insertion at any part in the input
stream.

The orbiter wing design study and the orbiter skln temperature
study described in this report are representative samples of the
type of design support activity uhlch can ke accomplished with
the ODIN system.




INTRODUCTION

The design of an aerospace vehicle demands the involvement of
spec;alis:iﬁiéggﬂgilHenglneerlng d1501p11nes. These spec1al:sts

order to obtaln the best deszgn for the spec111ed mission spec-
trum., Many iterations are usually required before a suitable
vehicle design emerges. The design iterations usuaily zequire
from one to threce months in the preliminary design phase and can
be much longer in the later design phases. Each discipline
involved in the design process generally is constrained by the
requirements of other disciplines, and much laborious Jata com-
munication is required at each step. The interface among
disciplines is often ill-defined leading to untimely or inaccurat
information transfer. Under these circumstances, decisions
affecting the usefulness and the schedule of the end product can
be based on poor or unreliable information.

The above factors have lead to incrcased use of the high speed
digital computer to expedite the design analysis and improve the
quality of the design information. Automation of the individual
disciplines has played an increasing role in the design prccess
for more than a decade. Structural analysis and system pexfor-
mance have led the way in large scale computer applications,
although nearly every aspect of the design process ha: been auto
mated to some degree. More recently, the merging of the
technologies into a single preliminary design tool has been
attempted. One successful preliminary design tool is exemplifie: .
by references 1 and 2. Here a complete synthesis of the design
and mission analysis is contained in a single computer program.

The confidence gained in early simulation attempts has led to th
development of more detailed and complex modules. References 3
through 6 are examples of recently developed simulation tools.
However, most modern day integrated design programs tend to
suffer from one or more cf the following deficiencies:

1. Lack of depth in the analysis techniqués.

2. Insufficient or inflexible data intercommunization.

3. Poor response time to rapidly changing desic¢n require-
ments. »

4, Excessive computer core requirements.




By-and-large the technical denth is available in independent
technology programs. - The patcern of development of these programs
has been the generalized multiple option approach suitable to the
analysis of many classes of vehlclcs, each class being represnted

k g5 in combining the-technology. .
programs into a de51gn synthe51s program. Computer core limita-
tions requlre ‘that resulting synthesis programs be generally more
limited in scope than the individual program. As a result, the
synthesis programs tend to become obsolete very quickly as the
design process evolves. Very often the obsolescence occurs before
any effective use can be made of the synthesis program.

The deficiencies described above led to the develcpment of a de-
sign synthesis system called ODIN (Optimal Design Integration).
The ODIN system shown schematically in figure 1 is a very large
scale computer program complex consisting of a library of indepen-
dent computer programs, an executive computer program and a data
base of design information. The executive program allows the
selective use of the library programs as elements of a comprehen-
sive design simulation. The data base provides the common infor-
mation link among the library programs. The ODIN system was
initial.y developed during 1971 and 1972 under parallel cont:acts
with the National Aeronautics and Space Admiristration, Langley
Research Center (NAS1-10692) 2and the Uaited States Air Force,
Flight Dynamics Laboratory (I33615-71-C-1480). These studies
resulted in two similar computer systems (references 7 through

9) having different technology program libraries but using the
same executive ‘program. The original system was developed for
the CDC 6000 series computer but has since been converted to the
Univac 1100 series computer under contract to NASA Johnson Space-
craft Center (NAS9-12829). The system has found considerable us-
age at NASA in support of shuttle design studies (references 9
through 12). The USAF has applied ODIN to air-to~-surface missile
studies under contract F33615-73-C-3039. References 13 through
26 exemplify the technology modules which have been used with

the ODIN procedure. All the depth of analysis in each technologi-
cal area is maintained and the computer core cequirement is no
larger than the largest piogram element selected.

The technology module prograri library has been established by an
extensive survey of existing computer programs available to the
general aerospace industry.. Governmental, industrial and academic
sources for technology module programs were used in construction
of the program library. Programs which-form the ODIN likrary are
summarized in Appendix A. The executive program which forms the

- nucleus of the system is described in Appendix B.
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THE ODIN SYSTEM

The components of the system, shown schematically in figure 1,
exist in the form of independent computer programs. These com-
puter programs can-be-technelogy programs, service programs ox
utility programs. All of the major techpologies, such as aero-
dynamics, propulsion and structures, are represented in the
11brary of computer programs. The utility elements include de-
sign graphics, plotting and report generation. The technology
programs provide the real design analysis which must be performed
to obtain evaluation of any vehicle design. The utility elements
aid the designer in obtaining a better understanding of simula-
tion results and to provide a means of improving or expediting
the design analysis. They also permit the designer to transfer
or transform data generated by one program for use by other pro-
grams or use by the analyst.

Since the system comprises literally millions of source cards,
some precautions have been taken to prov1de a usable system cap-.
able of interpretation by designer, engineer and programmer. The
major precaution has been the creation of a system which is truly
modular in the sense that it consists of many independent com-
puter programs. Any one of these programs can be revised,
extended or replaced without affecting the other program elements
of the system in any way. External to the technology prngrams
themselves, a data base of cuommon information is maintainzd by an
executive data management system. .Each technology program may '
draw upon the data or replace. it as required. As a conseguence
of the construction concepts employed, the specialists in any
techrnology area are able to phrase the analysis of the design
without regard for the other technologies involved other than

the interfaces with the common data base. The common data base
attributes are defined by the design staff and can consist of all
information which is communicated between elements or communicated
from the ODIN system itself to tue staff. The data represents a
subset of the total amount of information generated by all of the
programs within a given ODIN simulation. When combined with the
normal input data, it is sufficient to completely define the pro-
gram under study. When combined with the normal output, it
represents the data description of the vehicle performance and
mission requiremencs.

The Program Library

The independent program elements which form a basis for the ODIN
system are largely written in FORTRAN, although this is not a

(521




system restricticn. In fact, independent programs written in any
other language can be intermingled during a design synthesis, for
example, FORTRAN, COMPASS and COBOL. The system of programs pro-
vides the designer with the building block approauh to vehicle
design. _Thus, to prov;de a given analysis, it is necessary to us:
only ‘those programs reQEirea for the particular analysis. Approx
mately 60 programs reside in the library. A sample of the avail-
able programs is illustrated in fiqgures 2 and 3. They consist
prlmarlly of technology programs but include service programs and
utility programs as well. Each is identified by & mnemonic. which
is used when referring to the program during a simulation. The
programs generally perform some engineering analysis function
such as aerodynamics, performance or structural analysis. .For
example, the aerodynamics estimation programs provide theoretical
and empirical methods spanning most aerospace vehicle shapes in
common use over a complete Mach number spectrum. The performance
programs provide vehicle performance methods ranging from the
simplist segmented mission analysis to the most complex variation
al optimization techniques. Service programs perform computer
aideu analysis functions such as optimization, display graphics
and report writing. During a simulation, system periormance and
constraint criteria are. generated which are later used for cvalua
tion of the vehicle design (either automat:-c or manual). Service
programs are aids in this evaluation. The utility prcgrams gen-
erally transfer information or transform data to the benefit of
the user or the simulation and perform such tasks as compiling
and executing interface programs. Further, utility functions
allow the suppression of unnecessary printed information aenerate
during design simulation and the routing of design reports to
alternate sites. Abstracts of many ODIN programs are appended

to this report.

Most of the technology progréms were in existenace before develor
ment of ODIN. Figure 4 illustrates the major contributors to the

" ODIN library. The contributions are largely a result of NASA or

USAF sponsored research studies. There is no limit to the nurber
of programs which can be incorporated intc the library or to the
number of programs which can be called upon in a given simulatior
Integration of new technology programs into the system is a
relatively simple task anu new programs are constantly being
integrated into the syster. as a need arises.

Figure 5 shows the relative confidence levels of the various
technology programs in current design activities. These confid-
ence levels are, however, wmerely an estimate of the present
cepability and would have to be revised as new programs are
included. For example, in structures therc are many prodrams .
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MODULES IN THE ODIN LIBRARY,




FRELLUING PAGE BLANK NOT FILMED

currently available that would enhance the confidence level in
this particular technology and when the need arises these programs
will be integrated into the system. On the other hand, perfor-
mance programs for detailed analysis are available and widely used
in the ODIN system now.

The ODIN system, as implemented at Langley Research Center, is
shown in figure 6. The data cell system is used for permanent
storage of the ODIN library, the design data bases and the ODINEX
executive system. During execution of a simulation, the disks are
used fo.r temporary storage, construction and modification of all
files. Tape units may also be used for both temporary and perman—
ent storage as well as storage of information to drive graphical
display and milling equipment. While the interactive terminal
is not extensively used at this time, its capability has been
demonstrated on some problems and its use will grow during the
next few years.

-The Executive Program

The execution of a sequence of independent programs requires the
ability to link control card sequences in the computer. Once this
linkage is established, computer programs can e executed in any
order by adjusting the order of execution of the control card seg-
uences. In the ODIN system, cach control card seyuence represents
the retrieval and execution of one or more computer programs. The
run stream for a given simulation is constructed by the executive
system from stored control card sequences based on commands. to
ODINEX. Representative control and communication commands re-
quired to construct a run stream are illustrated in figure 7.

The ODIN system usage, therefore, depends not only on the storage
of the library programs but also the storage of control card pro-
cedures for each program in the library. The executive system
constructs and maintains the control card sequences for all of

the library programs in a separate data base segment. To use the
ODIN system, basic data for eich computer program requested must
be set up in the usual manner for that program operating indepen-
dently of the ODIN system. The analyst or tcam of analysts then
defines the sequence of progrums to be executed together with the
affect of all design parameters on the input of ecach program.

The latter effect is acconplished by placing the appropriate data
base interfaces within the input data in accordance with the
instructions in Appendix B.

The design paramcters are placed in the design data base scgment
so that they will be available to each program ir the design seg-
uence. The simulation then commences using nominal desian
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variables. The executive program interrogates input of each
technology program and places requested information from the data
base into that input stream. As the simulation proceeds, cach
program cbtains the current value of the design parameters from
the data base. A common method of running a simulation is to use
a parametric variation or optimization module as the final progra
executed in the sequence. The final program collects the reievan
system characteristics which are to be evaluated and perturbs the
design parameters. The perturbed set of design parameters replac
those re51d1ng in the data base and some portion of the simulatio
seguence is xepeated 'fhe repeated sequence defines perturbed
aeterig %ﬁgwggxturbatlon process is rcpeated

Optimal desig Parametric analysis is complete.=
Whereupon, the final results can be plotted or evaluated on a
system performance basis. During the simulation, all information
required to fully define the problem at the level of analysis
requested is stored in the data base. The level of analysis can
vary from simulation to simulation and the data base can be de-
fined to suit the amount of information being stored. Upon com—~
pletion of the simulation, the data base can be interrogatecd usin
the report generation capability within the executive system or
the plot capability residing in an independent ODIN computer pro-
gram to compose a final user oriented description of the vehicle
design.

It should be noted that the design data base segment contains
only interprogram data and that the flow of all data to and from
the data base and the program elements is completely controlled
by the executive program. The management of the archival data
and one-time input data to the individual programs is not managec
by the executive program. Wh2n a program is being executed, it
is operating on input data which is identical in format to that
which it uses when operating as an independent program. This is
the key element to the modular structure of the ODIN system. It
assures that the analysis function of each program in the library
can be examined independently of the other analysis programs.
Without this feature, exam.nation of complex interconnections be-
tween analysis programs woild become extremely complex, and in
view of the system size, of doubtful validity.

Data Base
The concept of a data basé has beén defined in many ways. Some
definitions involve computcrized storage of infermation and othe:

do not. Examples of data base storage media are illustratced in
figure 8. A data base may be simply a“handbook of information t«

T A
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“COMPUTERIZED MEDIA

DATA CELL

FIGURE 8  DATA BASE MEDIA




which an engineer refers when asked to provide technical informa-
tion about a particular project. The access to the desired
information may be via a formal index or simply by human recall,
A data base may also be a computerized storage system. To most
programmers, a data base is the region of the computer core set
aside for storage of data which is common to all coaputations in
a computer program. In the ODIN system, the dynamic data base
segment is a region external to the computer core which is set
aside for storage of data which is common to various programs in
_a given simulation. - : '

Other than the obvious differences between the two classes of
data storage (figure 8), it is significant to note that noncom-
puterized media always have some means of access and retrieval.
Without it, the information is of little value. On the other
hand, the computerized media illustrated are raw storage devices
with no inherent means of indexing. The user of these devices
must provide methods of access or retrieval of information in the
form of computer programs. The ODINEX executive program provides
the access and retrieval methods not only fcr the design data but
the library programs and execution procedures.

The design apprcach to the ODIN system, recognizing the basic
operational philosophy employed by all computer system., perform
all analysis and utility functions at the program file or data
set level. All existing programs and the operating system itself
are considared resources to the ODIN system.. This design approaci
has led to the development of a very flexible and easily expan-
sible data management system. Figure 9 shows the hierarchy of the
various elements of the ODIN system. ) '

The base of the pyramid represents the storage media. All data
sets are stored on one of the devices illustrated. The flow of
data to and from the storage media is controlled by the operating
system. The data sets are represented by the next level which
includes the analysis programs, the utility programs and the data
files (input, output, etc.}. These programs and data sets are ’
controlled by the ODINEX executive system via inpuc commands from
the user. Many of the ODIN programs are data nmanagement programs
in themselves but ODINEX has two builtin data managemecnt functions
It controls the seguence of execution of the individual programs
and communicates common information among the pregrams in the
seguence.

One key data management feature of ODINEX is the control of the
sequence of exccution cf individual programs. For this function,
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ODINEX maintains a data base (or data set) of control procedufes

for executing the individual programs. Each entry in the data
base represents a control procedure for one or more of the pro-
grams, These procedures are established once and usually not
changed. But as the program library grows, so does the control
procedure data base. The control procedure data is itself a data

.set accessed by ODINEX. :

Once accessed, ODINEX constructs an execution preocedure sequence
from information stored in the data base. This comstruction is
illustrated in figure 10. " Included in the execution procedures
are - instructions to the operating system for accessing the neces-
sary programs and data modules from the library. The operating
system then executes the indicated procedures. The ODINEX execu-
tive operates independent of, but provides instructions to, the
operating system,

The second data management function of ODINEX is to communicate
data base information to independent programs. This function is
illustrated in figure 11l. Here, the storage media is represented
on the left. They are controlled by the operating system. The
ODIN data base is a collection of information representing a
relatively small portion of the entire data requirements. The
ODIN data base is constructed dynamically by the ODINEX executive
as the execution proceeds. Each program module receives data
from the data base and places data into the data base, Each pro-
gram may also communicate data directly to and from the storage
media. Further, data may be taken directly from the user. There
is no constraint placed on the data source for any program. When
the program is finally executed, the data set which the program
"sees" is identical in format to that it would "see"™ when execu-
ted in an independent execution. The ODINEX executive, exercis-
ing control over the program module, the data base and the
operating system prepare the input for every program specified
by the user. The user, exercising control over ODINEX and the
human input, directs the analysis process.

'The manner in which data sets are created.by ODINEX is illustratec

in figure 12. The user provides skeletonized input data sets
each representing incomplete information for the program sequence
but together containing all the essential data for successful
execution of the program. The input data sets segments are read
by ODINEX and merged into a complete data set. The missing data
elements are extracted from the various ODIN data bases. The
complete data set is then passed to the applications program for
analysis.

1R
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APPLICATIONS

The use of the ODIN system is patterned after normal design
practices. Four basic steps, illustrated in figure 13, are re~
quired in establishing an ODIN design simulation. First the
‘design tasks must be defined. The technology areas to be con-
sidered, together with the depth of analysis to be undertaken,
must be established. The second“task will be the selection of
the technology programs and the sequence which they will be usecé
in the simulation. Program selection will have a direct bearinc
on the computer resources which will be required. The selectior.
of programs require some understanding of the basic input data. f
each program and the information each program generates. The
task, therefore, may require a team effort if the simulation is
large or if many programs are involved. A survey of existing
ODIN library programs will aid in the selection process. 1If a
suitable set of programs is not available, one of the following
procedures may be employed: '

1. Locate the necessary programs. from an outside source o1
2. Develop the necessary programs to serve the purpose.

The third task is a defin‘tion of the interprogram data which
will be stored in the data base. Included in this definition a:
the study parameters, those elements of data which drive the
study either through a parametric variation or optimization pro-
cess. Additionally, the performance criteria must be defined.
The performance criteria is the desired study output informatio:
such as weight or cost of the system under study.

Often there are study constraints, those conditions which must :
be violated in an acceptable solution. The study constraints 1i:
a performance criteria are the basic infor.ation used in guidin
the selection of values for the study parameter, Interprogram
data must also be defined in the data base. These data include
intermediate results produced by one ODIN program which are use
by ‘other ODIN programs. Finally, the data base may include inf
mation which will be used for monitoring the study. The entire
data subset, which is stcred in the dynamic portion of the data
base, is a small subset of the total data manipulated by the
various technology programs. However, the data does represent
all significant drivers of the simulation tasks and includes th
pertinent information normal‘'y used for configuration selection
The dynamic portion of the daca base does not generally include




1. DEFINE THE SIMULATION TASK
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FIGURE 13 STEPS IN USING ODIN,




that data representing the detailed geometric aspects of the
vehicle, the detailed aerodynamic influence coefficients or the
detailed structural criteria. These types of data, if communi-
cated frov one program to another, .are normally handled by file:
specifically structured for that purpose. The fourth and final
task in setting up an ODIN simulation is the actual deck setup.
Deck setup is handled in two phases. 1In the first phase, the
individual program decks are setup in the same manner as they
would be if they were to be executed independently. Program
options are selected to perform the analysis which will be re-
quired by the simulation and a test case is run which represent:
the nominal vehicle analysis. After all individual program dat.
decks are setup. the control and communication commands are in-
serted into the decks. This last task effectively creates the
overall design seguence.

Since ODIN was installed at Langley, it has been used for desig
-problems of varying degrees of depth of analysis. The applica-
tions have been primarily related to the space shuttle and ad-
vanced aerospace vehicle concepts. The work on advanced aerosp
vehicle concepts has utilized the system the most extensively t
date. However, this work will not be discussed since the studi
have not been completed. Instead, two completed studies relate
to the space shuttle are discussed.

Orbiter Wing Design Study

As the space shuttle program has matured, significant effort ha
been devoted to reductions in system weight resulting, in turn,
a smaller crbiter vehicle. The payload weight and volure requi
ments remained fixed, however, and the variations in potential
payload centers of gravity exert an increased influence on the
flight characteristics of the smaller vehicle. In addition to
wide center of grav1*y excursions due to the diverse combinatic
of payloads, other design requirements such as a maximum allowa
landing speed, acceptable unaugmented low speed flying guantiti
and stable hypersonic trim at high angles of attack present a
formidable challenge to orbiter design engineers.

In the wing design study, an existing orbiter desigr. with knowr
weight characteristics, but unacceptable aerodynamic performanc
served as a baseline and the body, tail and internal arrangemer
were held constant. The objective was to determine a wing con-
figuration which met the system requirements with a minimum
weilght At the conlucgion of the study, aerodynamic character-
Lstlcs of the analytically derived configuration were verified
by experimental evaluation at subsonic and hypersonic speeds.
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An existing orbiter design, designated the 040A (reference 27) was
used as a baseline configuration. The ODIN system was used to
determine a wing geometry and location to meet the system require-
ments in the longitudinal mode. Use of the system allowed the
perturbation of the orbiter wing geometry and the evaluation of
the weight, balance aerodynamics and stability and control from

a selected group of analytical programs within the ODIN library.
The specific programs chosen provided pertinent information
representing the principal technology areas involved.

The guidelines established for the wing design study were in
accord with those outlined and/or implied by the general vehicle
requirements of the space shuttle program. The design criteria
included a minimum design speed of 150 knots or less at subsonic
speeds for a design payload of 18144 kg (40,000 Lb.) located at
the half-length station of the payload-bay. Minimum design speed

(len' des) is used herein to denote the minimum level flying

speed at a = 17° and sea level standard day conditions for an
orbiter having the design payload loading. Additional design
criteria included stable subsonic static margin and high angle

of attack trim capability (o _. = 509) hyperscnically over the

center of gravity range dictated by the payload envelcope. Para-
meters descriptive of these c¢: iteria were reccrded in summary
reports for various candidate wing designs to enable the user to
determine the wing having the most desirable characteristics.

The study variables are shown in figure 14. The primary variables
in this study were the local chords and span of the exposed wing.
These parameters were varied by using X and Y scale factors (XSF
and YSF) to describe variations in the exposed planform of a study
wing (i.e. wing planform having XSF = 0.8 and YSF = 1.1 has ex-
posed root and tip chords equal to 80% of the exposed root and tip
chords of the baseline wing and an exposed span equal to 110% of
the baseline exposed wing span). In this way aspect ratio, lead-
ing edge sweep and reference area, were all varied whii> the
trailing edge sweep angle was fixed (& = 00) and the taper

ratio of the exposed wing was held constant for a major portion
of the study. To mecet the suvsonic static margin reguirement,

the longitudinal wing position xwing was varied. For some of

the wings considered in this study, the trailing edge sweep.
angle and the elevon area were also varied.

Definition of the execution sequence is shown in figure 13, which
illustrates the general arrangement of the technolouy programs
used in the stuily (sce Appendix A). Following initialization, the
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PARAMETRIC ITERATION

[INITIALIZE DBASE] @ SET STARTING VALUES OF
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lGEOMETRY ’ @ COMPUTE MISCELLANEOUS WING
GEOMETRY FROM PARAMETERS.

® STRUCTURAL WING WEIGHT.

VAMP @ THERMAL PROTECTION SYSTEM WEIGHT., .

@ LANDING WEIGHT AND C.G. (PAYLOAD out).
@ LANDING WEIGHT AND C.G. (PAYLOAD IN),

© SUBSONIC LIFT AND DRAG.

@ STATIC MARGIN CHECK,

STATIC MAPGIN CONVERGENCE

TREND @ SUBSONIC STABILITY,

@ SUBSONIC ULIFT CURVE AND DRAG
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HABACP @ HYPERSONIC AEnODYNAMICS AND

STABILITY AND CONTROL.

@ THREE-VIEW DRAWING,

| IMAGE |

@ HYPERSONIC NORMAL FORCE AND
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[SUMMARY REPORT | ® (LANDING SPEED CALCULATION
; INCLUDED) . . _
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BASE FOR SCLECTED CRITERIA.

4 PLOTTER

@ PLOT CONTOURS GENERATED IN LOOP.

END

FIGURE 15  PROGRAM ARRANGEMENT,
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geometry program calculates the detailed geometric characteristics
from gross wing parameters. The calculations then proceced seg-
uentially through the technology modules illustrated. based upon
the calculated wing geometry.

Weight of the body and vertical tail were assumed to be invariant.
The wing weight was determined from an aerodynamic surface weight
module within the SSSP computer program. This module bases wing
weight on historical weight of similar wings having the same
structural span, load factor, etc. The thermal protection systenm
weight was determined from the unit weight and the area of the
protected surface as determined by VAMP. The VAMP program was
also used to determine the centers of gravity of the vehicle for
the payload in and payload out condition.

The static margins ana trimmed CL were then obtained from the sub-

sonic acrodynamics program called TREND. <Static margins were
obtained for;payload ocut and the design payload conditions. The
payload out"static margin was weighed against a target static
margin of .03 T % .002, which assured longitudinal stability at
the guidelined subsonlc flight conditions. If this condition was
not met, the system adjusted the longitudinal position of the wing
and performed an iterative loop back through the geometry and sub-
sonic aerodynamics program to convergence. After the final sub-
sonic static margin calculati-n, and the subs~onic trimmed 1lift
calculation were completed, the hypersonic characteristics were
calculated uring the methods programmed in HABACP. The craphics
program was then used to illustrate the vehicle panel arrangement
and to plot the subsonic and hypersonic aerodynamic character-
istics. A summary report provided the pertinent information such
as wing geometry, the weight of the vehicle, the center of gravity
locations, the minimum design speed and the maximum hypersonic
trim angle of attack.

A single pass through the above described simulation generated the
characteristics of a single wing design. Initially twenty~five
different wing planforms were considered in the mat:ix of para-
meters which covered a broad spectrum of pessible wing designs.
This was achieved by perturbinc the ratics of span and chord of
the study wings to the basel:ne and initiating a new cycle.
Approximately one hour of computer time was expended in the
analytical study of the initial matrix of twenty-five wings. The
estimated time savecd by using the ODIN system as contrasted to
running the individual programs independently to pexLorm a similar
study was approximately one-half man-year.

The design and performance data were stored for retrieval in com-

puter generated sumiary plots, thus enabling the user to isclate

o
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the effects of the various design variables. The results shown in
figure 16 are presented as constant lines of vehicle landed weight,
wing area, aspect ratio, leading-edge sweep, minimum design speed
and maximum hypersonic trim angle of attack as functions of the

X and Y scale factors which define the various wing planforms
included in the study. Examination of the resulting trends
indicated that a wing planform having an agpect ratio of about 2.8
and a leading-edge sweep angle of about 45° would provide a mini-
mumm weight configuvation and satisfy the design criteria.

Using the results of figqure 16, some additional wings which had
negatively swept trailing edge werc considered which .also helped
the subsonic/hypersonic. compatibility problem. The configuration
thatowas finally selected is shown in figure 17. The wing had a
46.8 leading-edge sweep angle and a trailing-edge sweep angle Sf
-11°. The leading-edge sweep angle was slightly larger than 45
because of entry heating concerns. The results indicated that the
selected configuration met all of the design requirements with the
exception of the maximum trim angle of attack hypersonicallg where-
in the design exhibited a maximum trimmed angle of attack 4~ less
than the required value. This deficiency could be eliminated by
some fuselage nose reshaping (not considered in the wing study)

to provide a positive increment in pitching moment. The selected
conrfiguration was subsequently tested in the wind-tunnel at both
subsonic and hypersonic speeds. The analytical aercdynanic
'stimates obtain:d were in good agrcement with the experimental
results. The selected configuration reguired only minor refine-
ments based on the experimental results to meet the design
criteria. The primary refinement was the addition of a small
planform fillet to increase lift coefficients at landing attitudes
and at the same time provide linearization of the pitching moment
curves. A photograph of the orbiter configuration that evolved
from this study is shown in figure 18. All of this work is pre-
sented in reference 12. ‘

Orbiter Landing Skin Temperature Study

- An example of a relatively small problem solved by using the ODIN

system is shown in figure 19. A study was required to determine
if landing performance or stability and control micht be affeccted
by the presence of excessive skin temperatures on the Space
Shuttle orbiter. This problem was formulated to cetermine skin
temperature time histories using various technolocy proyrams. The
MINIVER (reference 21) and ABLATOR (reference 23) programs were
guickly integrated into the system. MINIVER was used to cbtain

. convective heat rates along the entry trajectory, and ARLATOR en-

abled calculations of tie associated skin temperature variations
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over the orbiter surface. Formulation of the problem required the
combined efforts of a group of engineers with technological back-
grounds in materials, flight dynamics and aerothermodynamics. The
. problem was solved approximately one week after its conception.
" The results, shown in- figure 20, indicated that no excessive tem-
peratures were present on the orbiter skin during approach and
landing using either reusable or ablative material.
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- The executive computer program ODINEX controls the sequerce of

- of creating a network of computer programs for analysis at any

CONCLUDING REMARKS

A very lar re scale synthesizing system for engineering processes
has been described. The elements of the system are. a library of
independent applications computer programs, an executive computer
pregram and a data base which forms the common information link
among the independent applications program. The system can be
used by individuals for small probhlems or the operation can employ
the design team approach for larger and more complex problems.

In the latter case, the design team defi..us the program sequences,
data interfaces and matching loops required to achieve the desired
design objective. The simulation is formulated in the language

of the -@xXétutive coantrol program. The system provides the users
with the ability to formulate the computer aided design vrcklem
at the task level in much the same manner as is employe.. in the
industrial design process. -

execution of the independent program elements based on user
supplied commands and performs the data management function
through the maintenance of the data base of common information
which is accessed at the input/output level >f the library pro-
grams. Each preogram is executed sequentially and as such is
"unaware" of its contributicon to a larger ani more comprehensive
engineering process. ODINEX interrogates the data into and out
of the independent programs and performs data manipulations
according to "instructions" embedded in the data. The instruc-
tions are user supplied and form the contrcl and communicaticn
language which are input to the ODINEX exccutive program. ODINEX
restructures the input stream based on the instructions. The
result is a fiow of information which is identical to the normal
flow of input to the individual program executions.

The greatest single advantage of the ODIN system is that it allows
full use of virtually all past developments in cngineering
technology for the synthesis of engineering processes with little
or no modification. Any existing checked out compurter code can
be easily incorporated into the system library and the developer
of the new technological moacules is unconstrained by requirements
of the ODINEX executive system. Little prouramming knowledge is
required to incorporate a program into the system for the first
tine. ’

The control and communication language consists of -a simple and
casily understood sct of instructions which provide the capability
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level of detail. All synthesis processes and data intercommunica-

tion are performed at the program input level. Conditional
branching logic is provided for creating sizing and/or optimiza-
tion loops within the synthesis. There is no effective limit to
either the number of programs used or the complexity of design
loops created. ‘

The manual data transfer from technology to technology may be
drastically reduced using the ODIN system. Further, the chance

of data error, data misunderstanding or data misrepreseantation is
virtually eliminated. All factors cealing with “"engineering judg-
ment," "design margins". and "non-optimum analysis" may be employed
and are visible to the design team., Data visibility has been a

key requiremert in the development of the ODIN system. Therefore,

report generation is an integral part of ODINEX. User generated
reports based on data base information can be generated at any
point in the sequence of program executions. A variety of
graphical capability is available in the program library to
supplement the written reports.

Finally, the ODIN system provides a true building block approach
to the s:'nthesis of enginering processes. Technology programs
may be added, delceted or replaced to suit the design objective.
This provides a i1esponsiveness of computer aided design techni-
ues never before available to the .designer. All or any part of
the design process may be synthesized when using' the ODIN system.
A number of examples of the solution of real problems have dem-
onstrated that ODIN can support partial or complete design
studies at several levels of design activity.
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APPENDIX A: BASIC ODIN PROGRAM ELEMENTS

The independent program elements which form the ODIN library are
described in abstract form in this appendix. They include
technology programs and utility programs. Each program in the
system has been assigned a mnemonic descriptor which is used to
activate the program during an ODIN simulaticn. The organiza-
tion of the abstracts is alphabetically arranged by the mnemonic
descriptor. Further documentation is generally available as NASA
publications or aerospace company reports.

The following table gives an index to the program abstracts by
technology or function. Many of the programs overlap technologies
so they appear more than once in the table. Each technology

area (i.e. Aerodynamics, Weights, etc.) will have several pro-
grams identified by mnemonic description and program title. The
corresponding abstract may be reviewed by looking up the appropri-
ate mnemonic alphabetically in the pages which follow the takle.

TABLE OF PROGRAM TITLES BY TECHNOLOGY

EXECUTIVE _
ODINEX: A Computer Program for Linking Other Computer
Progrars.
GEOMETRY

AIRFOIL: A Program for Generating Geometric and Aerodynamic
Characteristics of Airfoil Sections.

re il

GEOMETRY: Body Coordinate Generator.

PANEL: A Program for Generéting‘?anelled Configuration 2
Geometry. i

VAMP: Volume, Area and Mass Properties.

WETED: Wetted Area in Refercnce Length Program.

AERODYNAMICS

AIRFOIL: A Program for Gencrating Geometric ani Acrodynamié
Characteristics of Alrfoil Secticons. :

DATCOM:. Configuraticn Design aAnalysis Program (TRW).

DATCOM2: Configuration Design Analysis Program (MDAC) .

HABACP livpersenic Arbitrary Boedy Aercdynamic Conmpuzer

rrogran,

ks

kil

ERAR
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SBOOM:
SKINF:
" TREND:

WDRAG:

-PROPULSION

ENCYCL:
GENENG:

GENENGII:

WEIGHTS
PADS:
SSS5P:
VAMP:
VSAC:
WAATS @

PERFORMANCE
ATOP;
COAP:
PADS:
POST:-
PRESTO:

SEPARATE:

SSSPe
TOLAND:
TOP:
VSAC:
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Sonic Bocm Prediction for Shuttle Type Vehicles.
Turbulent Skin Friction Drag Program.

Subsonic/Supersonic/Hypersonic Agrodynamic Trade-
Off Program. :

Zero-Lift Wave Drag Program.

Design Point Performanc° of Turboget and Turbofan
Engine. .

A Program for Célculating Design and Off-Design
Performance for Turbojet and Turbofan Enqines.

A Program for Calculating Design and Off- De51wn
Performance of Two and Three Spool Turbofans with
as many as Three Nozzles.

Pgrformance Analysis and Design Synthesis Program.
Space Shuttle Synthesis Program.

Volume, Area and Mass PrOperties.

Vehicle Synthesis for High Speed Aircraft.

Weights Aralysis for Advanced Transportation
Systems.

Atmospheric Trajectory Optimization.

Combat Optimization and Analysis Program.
Performance ‘Analysis and Design Synthesis Program.
A Program to Optimize Simulated Trajectories.

Program for Rapid Earth- to—Space Tra)ectory
Optlﬂlzat;on.

Program tc Simulate Separation of Tuo Stages of
a Launch “ehicle.

Space Shuttle Synthesis Program.

Take~0ff and Landing Progran.

“‘rajectery Optimization Pregram.

Vehicle Synthesis for hl(h Speed-Alircraft.




STABILITY AND CONTROL

PRI

ACMOTAN:
DATCOM2 :
HABACP :

TREND:

THERMODYNAMICS

ABLATOR:

ATOP:
HABACP:

MINIVER:
TREND:

STRUCTURES
AFSP:
SSAM:

ECONOMICS
DAPCA:
PRICE:

-OPTIMIZATION

ALESOP:

GAPHICS
CONPLOT:
HABACP :

Linear Aircraft Motion aAnalysis.
Configuration Design Analysis Program.

Hypersonic Arbitrary Body Aerodynamic Computer
Program.

ubsonlc/Supersonlc/uyperson1c Aerodynamic Trade-
Off Program.

One Dimensional Analyqls of the Tran51ent Rcsponse

of Thermal Protection Systems.
Atmospheric Trajectory Optimization.

Hypersonic Arbitrary Body Aerodynamlc Computer
Program.

Aerodynamic Heating Program.

Subsonic/Supersonic/Hypersonic Aerodynanmic Trade-
Off Program.

Aut-omated Flutter Solution Procedure.:
Swapt Strip Aeroelastic Model.

Development and Production Cost of Aircraft.
A Program for Improved Cost Estimation.

Automated Engineering and Scientific Optimization
Prograim.

Aircraft Configuration Plot.

Hypersonic Arbitrary Body Acredynamic Comnputer
Center.

Configuration Display Program.
Picture Generator for CDC 250 CRT.
An Independent Plotter Progranm.

Independent Plot Program for ChC 250.
i ~3
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PLTVIEW:

POSTDATA:

TOPLOT :
BALANCE

VAMP :

UTILITIES
: ABNORM:
AUTOLAY :

. CCSAVE:
CHGABEN:
3 CHGDLOG:
4 COGO:
: COLOGO:
: _ COMPILER:
3 DROPEXS :
i‘ EDIT:
ENDODN :
FNT:
HEADING:
JOBTIME:
MAC:
'MYPROGRAM:
PLOTSV:
PRINTER:

Gl Ll e

REPORT:

ROUTECC :
ROUTEXP:
* RSTART :
VARIAN:
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Program for Generating Separation Plots.
POST Plot Data Generation Program.
Plot Generator for TOP

Volume, Area and Mass Properties.

Abnormal End Program.

A Program for Automatically Constructing Over-
layed Computer Programs. '

Control Card Data Base Save Procedure.
Abnormal End Procedure.

DIALOG Execution Procedure.

Run Time Compiler Program.

Compile, Load and Go Procedure.
Program to Compile a FORTRAN Program.
System File Reduction Procedure.

CRT Editing Program.

End ODIN Procedurec.

File Name Table Program.

lleading Program.

Simulation Timing Program.
Macro-Processor,

Execute a Compiled Program.

Procedure for Saving CALCOMP Plots. .

Procedure for Printing PreViously Generated Out- -
put Information.

Internal Procedure for Generating an Engineering
Report.

Data Routing Procedure.
bynamic Printing Procedure.
Restart Procedure.

VARIAN Plot Processing Procedure.

5,




ABLATOR: - One Dimensional Analysis of the Transient
) Response of Thermal Protection Systems.

The program assumes that thermal properties in the .given layer of
material are functions only of temperature, that all heat flow is
normal to the surface, and that gases transpiring to the char
layer are the same temperature as the char. The outer surface is
subjected to the aerodynamic heating and the char layer provides
both installation and high temperature outer surface for reradia-
tion. The heat passing through the layer is partially observed

by pirolysis at the interface between the char layer and the un-
chared material. The remaining heat is conducted into the unchar-
ed layer.  The gases generated through the char layer are injecced
into the boundary layer. The gases are heated as they pass
throug@i;g@ rﬁ%?_andith;s heat removal from the char layer induces
the qu ty &OF £ condicted by the pirolysis interface. When
these gases are injected into the boundary layer, the conducted
heat transfers are induced. 'The program accepts as input the
temperature at the surface of the model and generates a time his-

. tory of the thermal condition of the various layers as the vehicle

enters the atmosphere.
ABNORM: Abnormal End Progran.

The program is used as part of the abnormal :nd procedurc in ODIN.
It interrogates system files to determine whether a plot vector
data file has been written, .he program gene.ates plot request
cards and disk-to-tape copying instructions for the files with
appropriate information on them. The tapes are assigned to the
user, whose name is on the JOB card.

ACMOTAN: Linear Aircraft Motion Analysis

The program is a versatile code for linear aircraft motion
analysis which allows the user to supplement the standard air-
plane equations of motion with auxiliary equations written by
the user to represent control laws or additional variables. .The
program. prepares the system of linear differential equatlons us-
ing several optional forms of. input data and then carries the
solution to an extent determined by the output option selected.
Minimum o6utput includes the characteristic rolynominal andé its
roots Additional output ir the form of transfer functions,
frcquently responses and time histories can be selected.




AESOP: Automated Engineering and
Scientific Optimization Program.

AESOP is a multiple variable optimization program designed for
the solution of a wide range of parameter optimization problems
The basic program has the ability to solve constrained optimiza
tion problems involving up to 100 parameters and up to 20 con-
straints. Thirteen search techniques are available for use
individually or in combination to solve the desired problem.
The methods include sectioning, steepest descent, quadrilateral
search, Davidon's method, random ray search, pattern and severa
others. The proygram is designed to be linked with other progra
to perform internal optimization or can be used as an- independe
program for optimizing systems of programs.

AFSP: Automated Flutter Solution Procedure

Program AFSP is based upon a new method of solving the flutter
equation. The method is based upon the premise that the flutte
analysis, due to the particular form in which the aerodynamic
forces are available, essentially consists of a search for thos
V-values and w-values which render the flutter determinate zero
The procedure deviates essentially from the V-¢ analysis in so
far that the eigenvalue calculation is replaced by simplier
algorithm lecading to the decomposition of the flutter matrix.
The actual search for the flutter solution involves & sincle re
and positive function of the two variables V and w rather than
the (n) complex functions representing the eivenvalues in the V
analysis. The flight altitude, Mach number and flight speed re
main consistent throughout the search whercas the V-g analysis
starts out from given values at altitude and Mach number. The
flutter speed only follows as a result of the calculation. 1In
general, the speed will not be consistent with the input data
such that many runs are required to iterate toward a solution.

AIRFOIL: A Program for Generating Geometric and Aero-
dynamic Characteristics of Airfoil Sections.

The computer program is written to provide airfoil coordinates
incompressible inviscid section characteristics and two-dimensi
al drag-rise Mach numbers for a large number of National Advisc
Committee for Aeronautics (NACA) designated airfoils from a sir
one card input. The program is actually a combination of two
separate programs. One program cives the airfoil surface ccore
nates with ornly the NACA airfoil designation as input, and the
other uses the surface coordinates to predict incompressible,
inviscid pressure distribution from which the secticn characte:
istics and drag-rise Mach number are determined.
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ATOP: 4Atmospheric Trajectory Optimization

The program is a generalized steepest descent computer program
set up to handle the three~dimensional, point mass, vehicle flight
path trajectory optimization problem. It is capable of simu-
ltaneously handling up to fifteen state variables, six control
variables and ten constraints. Most of the usual functions re-
quired in flight path studies are available within the program;
others may be added as desired by simple program additions, pro-
viding the function or its derivative is defined analytically.
The program may be readily extended to cover steepest descent
optimization problems in other fields, by the replacement of the
basic differential equation subroutine by any other set of equa-
tions of the same general type. Convergence to the optimal
solution is obtained automatically by means of one of two control
systems which, by a series of logical decisions, obtain a reason-
able perturbation magnitude at each iteration,

AUTOLAY: A Prcgram for Automatically Con-
structing Overlayed Computer Procrams.

AUTOLAY is a CDC 6600 utility program used in thé construction of
overlay files from relocatable binary program elements of the
type generated by the FORTRAN compiler.

The use of AUTOLAY permits the construction of a new program file
from onc td six library files. The new program file cc¢ tains the
user selected main progran or programs tcc¢ether with all the suk-
routines (external references) which the main program (s) call.
The main program (s) are specified by the user in a text file
read by AUTOLAY. ’

CCLINK: Control Card Linkage Program.

CCLINK is a CDC 6600 utility program which performs the linking
of control card sequences under direction of the ODIN executive
program. This software package directs the system to read con-
trol cards from alternate files (names on the CCLINK ccntrol
card). Although developed specifically ta meet the lirxace re-
quirement of the ODIN system, the CCLINK software can bz used as
an independent utility program. CCLINK is part of the computer
operating system at Lanagley Research Center and is accessed by

a control card or frcm a FORTRAN progran.
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CCSAVE: Control Card Data Base Save Procedure.

CCSAVE uses the computer operating system software to save a newly

. created or updated control card data base. The control card data

base is a data base of execution procedures for all the ODIN.
library programs and procedures. .

CHGABEN: Abnormal End Procedure.

The CHGABEN procedure permlts the user to alter the control card
procedure executed in case of an abnormal end during an ODIN
simulation. The preprogrammed procedure.copies the input file,
the output file and the control file from the previously executed
or executing program to the output file and saves any previously
generated plot information on physical tape. The procedure may
be changed by providing the desired control card procedure as
data input.

CHGDLOG: ODINEX Execution Procedure.

CHGDLOG permits the user to replace the ODINEX execution procecdure.
The preprogrammed ODINEX executive procedure is usually catisfac-
tory for most simulations. However, under certain circumstances,
it may be desirable to alter the procedu:re for one or more techno-
logy program executions during a simulation sequence. The desired
procedure is provided as data input.

COAP: Combat Optimization and Analysis Program.

The program is an extension of the ATOF II (Atmospheric Trajectory
Optimization Program). It uses two ccmplete three dimensional
equations of motion sets to simulate a one-on-cne combative en-
counter between two flight-vehicles. The aerodynamic and pro-
pulsion representation are sufficiently general to permit the
simulation of both current and proposed vehicles by input data.
Generalized rotating planetary and atmospheric models permic
stimulation of either aircraft, missiles or spacecraft encounters.
Combat roles for each vehicle (attacker, defender, etc.) are
automatically defined on the basiz of vehicle relative positions,
heading ané velocities. Depending upoun the vehicle role selected,
any one of the set of tactics designed to satisfy the role re-
quirement is executed. The tactics vary in nature from straicht
forward stylized maneuvers such as split-S§ to barrel role, to
three-dimensional lag or lead pursuit path. Combat Optlmlzat on
capability may be introduced hy repetitive simulation using para-
meterization of the combat guidance parameters and the applica-
tion of multivariable scarch technigues. Alternately, the
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variational calculus may be employed to define optimal continuou
control against a reacting opponent. In the parameter OpthlZd-
tion mode, the optlon to determine a mini-max solution is also
available.

COGO: Run Tine Compiler Program.

COGO is an independent program that accepts FORTRAN eguations as
input, compiles the equation and performs the indicated FORTRAN
operation. For each input ecquation, the computed result is plac
-n the ODIN information file for potential storage in the dynami
data baze. The COGO program uses a run tinme compiler developed
for Langley Research Center. The principle of operation of the
run time compiler is similar to that of the systom compiler ex-
cepti€ach kine or eguation is executed as it is compiled. Only
the real variables may be employed and no branching logic is
praovided.

COLOGO: Compile, Load and Go Procedure.

The COLOGO procedure is a combination of the COMPILER and My-
PROGRAM procédures. The compile and execute functions are per-
formed by a single directive using the system run compiler and
the system loader. The procedure does not permit the use of dat
reads directly. However, the procran can obtair data from the
data basc by the placement of data base interface information
directly into the FORTRAN pregram itsclf.

COMPILER: rPtogxam to Compile a FORTRAN Plog*an.

Tuiﬁ 3 ; runp conpller to compile a user supplled
FORTRAN . progxam. n the run stream to an CDIN sinulation. Tt
lnput data’ is’'a standard FORTRAN program which can be augmented
by data base information such as for variable dimensions, data
stateménts, ete. To execute the compiled code the user executes -
the MYPROGRAM procedure. The COMPILER procedure gives the ODIN
user the capability of performing complex data transformations

using the full capability of the FORTRAN language.

CONPLOT: Ailrcraft Conflguranlon Plot..

necessary instructiens for automati-

This program generates the

cally plotting ot a numc“lcal model of an aircraft configuratic:
Prouram options ma, be used to draw three-view and obligue or*k'
graphic projections as well as perspective drawvinas of an aircer
These plots are uscful in checking the accuracy of the nu“eri,d‘
model data. Magnetic tape output from this pregram has been use
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to drive the CALCOMP plotter and a GERBER plotter, The progiam
has also bcen used for online display of a configuration on the
CDC 250 Cathode: Ray Display Device.

DAPCA: Develbpment'ahd Production Cost of Aircraft.-

The DAPCA program computes development and production costs of
major subsystem of fly away aircraft (airframe, cngines, ctc.).
The cost input data is simple and generally relates to aircraft
and engine performance characteristics such as-gross takeoff
weight, specd cngine type thrust, etc. The actual cost equatior
are the power law types with built-in cost coefficient and usinc
user supplied parameters.

E
E
]

3

DATCOM: Configuration Design Analysis Program {IRW).

' . The program computes aerodynanic coefficients for aircraft/space
; craft configurations in the subsonic/transonic,/supecrsonic regime
? Analytical technigues-in the program are based on those of USAF
: ' stability and control handbook, DATCOM, revision Scptember, 197C
: The pregram comprises four modules which compute 1lift, pitch, sid
. slip and control characteristics respectively. Modular censtruc
i tion enables other sets of aerodynamic characteristics to be

E incorporated into the program.
;

DATCOM2: Configurc:ion Design Analygsis Prooram (MDAC).

The program calculates the statics stability characteristics of
wings, bodies, wing-body, tail-body and wing-body-tail combina-
tions at angle of attack and slide slip throuagh the Mach ranue
, from subsonic to supersonic speeds. Whenever appropriate DATIONM
methods are available, the program computes longitudinal deriva-
: tives CL and Ch * longitudinal coefficient Cpr CL' Cn‘and side
' a Q ) .
: slip der‘ivates»cY ' C1 and Cn . Output for configurations of
: , B R 8
horizontal tails also irclude downwash and dynamic pressure valu
N All intermodiate variaboc calculations are also available for

F
- output.
E | _tp»t
E

DROPENS:  Systom File Reduction Procedure.

DROPEXS 1is a procedure for vurainc system files which are used
; during the initialization of the ODINEX oxecutive system but :
H : used durinag execution of the simulaticn. DROPLXNS was written
; reduce system file reoguirenents and make available space in the
é system file name table for other uses.
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EDIT: CRT Editing Program.

The program was developed for users: of the CDC 250 CRT scope
system at LRC to accommodate online source file editing recom-
pilation and re-execution. With the proper use of control cards,
it also has the capability to recover from abnormal exits. Where-
upon certain types of corrections can be made and the program can
be restarted. The EDIT provides four modes of display, source,
input, output and record. Source is the users source language
program. Input is the users input control card file. Output is
the users normal output file and record is any record of a system
file which is attached to the current job. The EDIT program is
used in the ODIN system for Jdata verification between- technology
module execution when operating ODIN in the online mode.

ENCYCL: Design Point Performance of Turbo-=
jet and Turbofan Engine. '

ENCYCL computes the design point performance of turbojet and
turbofan engine cycles from user supplied engine characteristics
and flight conditions. The program input requires the airplane
Mach number, the altitude, the state conditions, turbine inlet
temperature, afterburner temperature, duct burner temperature,
bypass ratio, coolant flow, compcnent efficiencies and component
pressure ratios. The output yields specific thrust and specific
fuel consumption, engine efficiencies and several component
vemperaturcs and pressures. The thermodynamic properties of the
gas are expressed as functions of the temperature and fuel to
air ratio.

ENDODN: End ODIN Procedure.

ENDODN is a user supplied procedure which is executed at the
normal termination of the ODIN simulation. Usually the procedure
is used for saving the dynamic portion of the ODIN data base for
future use. However, any supplemental control procedure can be
supplied by the user. ENDODN does not require a special execu-
“tion conmand.

FNT: File Name Table Prcgram.

The program generates a tabular list of files currently attached
to the job currently in execution. It also determines the num-
ber of files attached to control point zero {assigned to the
system) and the nunber of names available in the file name table.
It is used in ODIN to isolate unused files created during execu-
“tion.
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GENENG: A Program for Calculating Design
and Off-Design Performance for
Turbojet and Turbofanr Engines.

The program calculates steady -state design and off-design perfor-
mance for one and two spool turbojet engines. The original ver-
sion of the GENENG proyram entitled, “"Simulation of Turbofan
Engines" was developed by the Turboengine Division of the Air
Force Aero Propulsion Laboratory, Wright Patterson Air Fcrce Base,
Ohio. The program uses steady state gas dynamics to compute the -
engine design conditions. OQff-design performance is based on
specific component performance maps which must be provided by
the user. -
GENENGII: A Program for Calculating Design and
Off-Design Performance of Two and Three
Spool Turbofans with as many as Three
Nozzles,

The GENENGII program is a derivative of GENENG (Generalized Eng-
ine Program). GENENG is capable of calculating steady state de-
sign and off-desion performance of turbofan and turboiet engines
were evolved from SMOTE (Simulation of Wurbofan Engyine) which
was developed by the Turbo Engine Division of the Air Force aero
Propulsion Laboratory of Wright Patterson Air Force Base, Ohic.
GENENGII calculates design and off-design engine performance for
existing or theoretical fan engines with two or tiirce spools and
with one, two or three nozzles. 1In addition, fan periormance

can also be calculated. Nine basic turbofan engines can be cal-
culated without any programming changes. Included among the nine
are three types which are likely candicdates for STOL aircraft with
internally blown flaps. Many other possibilitics exist which are
too numerous to menticn, being determined by the users knowledge
of the program itself. '

GEOMETRY: Body Coordinate Generator.

The program gencrates trapezoidal and ellijptical bedy coordinates
in a format suitable for use in VAMP, WETTED, DRAG and CONPLOT.
The forbody cocrdinates are generated according to a "minimum
drag" area distribution while the afterboedy coordinates are con-
stant in cross sectional arca.

GOGLT: Modified Data Cell Retriceval Pregram.

GOGET is a modified version of the LRC computer system FETCH pro-
gram for retricving information from data cells. COGET allews the
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user to retrieve data sets from data cell without the use of the
wedge number, The usage is identical to the FETCH program except
that the wedge number p051t10n parameter on the control card is
omitted.

HABACP: Hypersonic Arbitrary Body
Aerodynamic Computer Program.

The program treats the vehicle surface as a collection of quadri-
lateral elements oriented tangential to the local vehicle surface.
Each individual panel may have its local pressure coefficient’
specified by any of a variety of pressure calculation methods,
including modified Newtonian, blunt body, Newtonian-Prandtl-Meyer,

tangent-wedge, tangent-cone, boundary layer induced pressures,
free molecular flow and a number of empirical relatlonshlps.
Viscous forces may also be calculated, which include viscous-in-
viscid interaction effects. Skin friction options include the
reference temperature and referenced enthalpy methods for both
laminar and turbulent flow, the Spalding-Chi method and a special
blunt body skin friction method. Control surface deflection
pressures including separation effects that may be caused by the
deflected surface are also calculated. Scveral other options are
available including the calculation of dynamic derivatives, the
generation of geometry and plotting.

HEADING: ‘leading Program.

HEADING is a control card callable program which prints user
specified heading information in large characters. The characters
of the heading are formed by the pattern of characters which form
the character itself. The letters of the heading are eight
characters wide and ten characters high. Input to the program

is placed on the heading execution card.

"IMAGE:" Configuration Display Program.

The IMAGE program uses a surface definition based on guadrilateral
elements to describe picture-like drawings of arbitrary configura-
tions. The program is used for visual check on geometric input
data, ronitoring of geometric perturkations and providing reports
on geometric characteristics. Geometric characteristics may be
input or taken from a data base of configuration data. The user
describes the viewing angles, position and scaling factors as wecll
as textual information throuch the input procedure. The configura-
tion drawings are ggweratgd on a plot vector file uklcn is suit-
able for processing by the CALCOMP plOLLSSOf.
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IMG250: Picture Generaéor for CDC 250 CRT.

The program is identical in structure to the IMAGE program for
generating picture-like images on offline devices. IMG250 gen-
erates pictures (from the same data) for the CDC 250 CRT. IMG250

is used for editing geometric data when operating the ODIN system’

in the online mode.

JOBTIME: Simulation Timing Program.
JOBTIME generates a day file message which specifies the number
of CPU seconds and the number of operating system requests (Os
CALLS) accumulated 51nce the start of the job.

MAC: Macro~-Processor

MAC is a precompilation type string processing language generator

which permits the user- to construct new languages or augnent
existing ones. Input command structures can be develowed which
are later broken down by the MAC program and converted into
language elements for processing by existing compllcrs or data
processors.

HINIVER: Aerodynamic Heating Program.

The program is a "miniature versicn" of the McDonnell Louglas
Corporation Aerodynamic lHeating Program for use on the CDC €€00.
It calculates radiation cquilibrium temperature and provides
thin-skin temperature response for input materials. (Aluminium,
titanium, Rene 41 and inconnel X-750 properties are builtin.)
Heat transfer methods are available including Fay and Rydell,
Erkart Reference Enthalpy, Spaulding and Chi, Flat Plate Rho-Mu
product, three swept cylinder theories and Lees-Detra and Hidalgo
for hemispheric nose caps. The program also includes the capa-
bility of traversing three sequential shocks, shape-cdge and cone
plus oblique shock of availability, sharp-edge and cone modified
Newtonian and swept cylinder stagnation line pressure soluticn.

MYPROGRAM: Execcute a Compiled Program.

This procedure is used to execute a compiled FORTRAN proaram,
which has been generated by the COMPILER procedure. It is

"separated from the compiler procedure so that the user nay do

a one-time compilation early in a simulation and use the com-
piled program many times later in the simulation. Input data
is provided by the user in the format specified in the COMPILER
generated program.
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ODINEX: A Computer Program for Link-
ing Other Computer Programs.

ODINEX is an executive computer program wh1ch controls thg scq-
uence of execution and data management function for a library of
1ndepcndent computer programs. Communication of common informa-
tion is accomplished by ODINEX through a dynamically constructed
and maintained data base of common information. The uniqgue
feature of the ODINEX executive system is the manner in which
computer programs are linked. Each program maintains its individ-
ual identity and as such is unaware of its contribution to the
large scale program. This feature makes any computer prrogram a
candidace for use with the ODINEY c¢xecutive systen.

PADS: Performance Analysis and
Design Synthesis Proyram.

The Performance Analysis and Design Synthesis (PADS) computer
program has a two-fold purpose. It can size launch vehicles in
conjunction with calculus of variations optimal trajectorics and
can also be used as a general purpose branched trajectory optimi-
zation program. In the former case, it has the Space Shuttle
Synthesis Program as well as a simplified stage weiaht nmedule

for optimally sizing manned recoverable launch vehicles. For
trajectory optimization alone or with sizing, Pabs has two tra-
jectory modules. The first trajectory module uses the method

of steepest descent, the second employs the method of ¢asilincar-
ization, which regquires a starting solution from the first
trajectory meodule. ' :

PANEL: A Prograﬁ for Generating Pane¢lled
Configuration Geometrv.

The PANEL program is a general purpose external gco(etry defini-
tion program developed primarily for use in Large scale simulations
of the preliminary design process. It is an independently opera-
ted program which produces a sequence of ¢uadrilateral panuls
defined by the corner points. The rosulL1n3 data is acceptable

as input to computer programs in other technical disciglines such
as acrodynamics, structures and thermodynaniics.

The proc accepts as inputr a variety of tormats from detalled
definition o‘ individual yawb7a to sclection ¢f cepneralizcd two-
and-three dimensional shapes. fThe scection data includes circular
and elliptical as well as arbitrary cross SLC*‘“WS. N cubiic patch
techinigue is included which allews bread scvcticns of the vehicle
to be described with a relatively small armcunt of inrut.  The in-
rut data can be mathematically fitzed with ond nmatchoed cubic

i <
funceions and reduccd to distributed panels.
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PLOTSV: Procedure for Saving CALCOMP Plots.

The procedure is used for collecting previously written CALCOMP

- plot files on a physical tape for submittal to the CALCOMP plot
hardware. The ODIN system is-designed to execute many programs,
any of which may produce plotted-information. Provisicns have
been made by which plot vector data is accumulated on a temporary
disk file during a given ODIN run. This provision avoids the
mounting of physical tapes during a simulation. Upon execution
of PLOTSV, the plotted information is transferred to a phy51cal
tape and the tape is unloaded for later plotting.

e it e

PLOTTER: An Independent Plotter Program.

The program provides a geneéralized X-y plotting and contour ‘draw-~
ing capability for use with the prcgram. Plot data may come
from the input stream or from auxiliary files created by other
program elements. - The plot program can generate plot vector
files for a variety of plot devices 1nc1ud1ng CALCOMP Gerber,

CRT and the pr-nter.

PLT250: Independent Plot Program for CDC 250.

The program is an independent plot program which accepts data to
be plotted from the input or from plct f.le generated by uanother
program. .The input PLT250 is identical with the input fcr PLOTTE]
The output is generated un the CDC 250 scope rather than an off-
line device.

PLTVIEW: Program for Generating
Separation Plots.

;. The program is a companion. to the SEPARTE program which computes

3 the separation distance and attitude of two stages of the shuttle
vehicle during staging. PLTVIEW generates plots of separation
distance and vehicle orientation for the separating vehicle com-

‘ ponents. The input data is obtained from the time history data

6 generated by the SEPARTI program. The output is a GERBER plot of

; ¢ the separation distance and orientation.

POST: A Program to Optimize
Sinulated Trajectories.

The POST prograrm is a generalized point mass discrete parareter
targeting an optimization procram. POST provides the capability
tc target and optimize point mass trajectories for a powered or
unpowered vehicle near an arbitrary .rotating cblate planct. POST
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has been successfully used in solving a wide variety of atmospher-
ic ascent and re-entry problems as well as exoatmospheric orbital
transfer problems. The generality of the program is evidenced by
its N-phase simulation capability which features generalized plan-
et and vehicle models. ' This flexible simulation capability is
augmented by an efficient, discrete paramcter optimization capa-
bility which includes equality and inequality constraints.

POSTDATA: POST Plot Data
Generation' Program.

The program interrogates the output data tape from the POST pro-
gram and gcnerates specified plot information pertaining to time
histories of various performance and constraint functions ave l-
able after the execution of the POST proagram. The program is
designed specifically as an interface program for analysis of
trajectory data from the POST program. -

PRESTO: Program for Rapid Earth-to-
Space Trajectory Optimization.

The PRESTO program uses a closed luop deepest descent optimiza-
tion procedure to derive flight trajectories to produce maximum:
booster payloads ior a variety of space missions. Trajectories
can be computed in three degrces of freedom about a spherical
rotating earth. .our powered stages and three upper stage thrust
cvcles can be accommodated. Coast periods are permitted between
ecch stage. Aercaynamic lift and drag forces are included in

the computation. The optimization routine simultaneocusly con- :
sidered the launch direction and time the interstage coast dura- ¥
tions and the upper stage thrust sequencing, the complete pitch
and yaw attitude histories and terminal constraints. Immediate
constraints may be introduced on angle attacks, coast orbit
_perigee altitude or on the product on angle attack and dynaric
pressure. The closed loop procedure greatly facilitates the
satisfaction of terminal constraints and reduces the number of
iterations required to achieve convergence.

R A

PRICE: A Program for Improved Cost Estimation.

"he PRICE computer program was developed in-order to rapidly
_generate preliminary estimates of total program costs for rmission
Studies of V-STOL and conventional transport aircraft, hypersonic
aircraft and reusable space transportation system. The program
uses cost estimating relationships based on historical cost data
for conventional and advanced aircraft, spacecraft and launch
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vehicles. The approach is based on correlating cost with para-
meters such as weight and thrust, then adjusting the results
with complexity factors to account for differences.in material
and type of construction, performance level, etc.

PRINTER: VProcedure for Printing Previously
’ Generated Output Information.

The output from an ODIN program is normally not printed. However
‘the user has the option to obtain the printout through use of the
printer procedure immediately following the execution of the ODIN
program. The printer program is used to transfer the normal out-
put from a special file generated at execution time (for the ODIN
program) to the normal output file. -

REPORT: Report Generator.

5

REPORT is a submodule cf the ODINEX program which allows the
user to interrogate the data base and format engineering reports.
Descriptive information may be provided in any format with de-~
limited data base names inserted where data base reguests are

- desired. The report is automatically printed with descriptive
information printed exactly as originally specified and delimited
data base names replaced by the corresponding data base informa-
tion.

ROUTECC: Data Routing Procedure.

ROUTECC is a prccedure whereby the use:r may route he ncormal
output frem any ODIN program to the central computer facility
for printing on high sreced printers. It avoids use of the
medium spced printers associated with the batch terminal systenm
at LRC. ROUTECC is cxecuted after each ODIN program for which

the printout is desired. The printed output is returned to the
originating terminal by the usual delivery services.

;...
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ROUTEXP: Dynamic Printing Procedure,

This procedure allows the user to obtain data base informaticn
at the originating terminal for ODIN simulations :n procress.
The input tc this procedure is a user formatted report with the

desired data base interface reguests approvriately raced.

cutput is a printed revert with the interface reguest replaced
with current data basce values at the time the report was generate
The reporz is erintec immediately after it is gencrated althouch
the simulation may stiil Le in rrouress.

(G4
@




RSTART: Restart Procedure.

RSTART is a procedure which affects a reinitialization of the
ODINEX executive. system and restart of the current ODIN simula-
. tion. The input data set name is assumed to be the same as the
data with which the simulation was originally started. RSTART
is used in the online CRT mode of operation for. restart if
necessary after execution of the EDIT program and ensuriag data
alterations.

RTEXT: Data Cell Label Retrieval Program.

The program constructs a data cell label from information ccn-
tained in the data cell file retrieved by the FETCH or GOGET pro-
gram.  The label is constructed and placed on an auxiliary file
called LABEL. ) .

SBOCM: Sonic Boom Prediction for
Shuttle Type Vehicles.

The SBOOM program is based on the prediction technique of Thomas
(references). The prediction technique calculates the far-field
overpressure from the near-field pressure signatures mecasured in
the wind tunnel. The wind tunnel results generally are stored in
a data base and accessed by the computer vrogram for interpola-
tion/extrapolation based on geometric similarity of the pressure
signatures. Wind tunnel lata in the data base was generated for
space shuttle type configurations. The approach used in detcrimin-
ing ground overpressure is to describe the wave form of the sonic
boom wave by several wave form parameters and then obtaining equa-
tions for the parameters as function time. This approach has the
advantage of being simple and providing a convenient method for
extrapolating experimental signatures because the signatures are
dealt with directly. The input consists of the vehicle con-
ditions and the environment in which the vehicle is operating as

a basic condition operating the program. Many flight conditions
can be equated through the normal input channels or the program
will accept flight condition data from trajectory generation pro-
grams stored on an auxiliary file.

SEPARTE: Thu'Prdgram to Simulate Separa-
: ting Stages of Launch Vehicles.

The program is a twelve-decreec-of-freedom separation program for
studying space shuttle separation problems. Each stace of the
separating vehicle 1is represented by six degrees cof freedom.
Aerodynamic data governing the motion of the separating vehicle
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is staged into the program from a storage file because of the

large bulk of data. The program generates Gerber plots of the
separating vehicle components at specified time intervals.

. Separating components are represented by simplified geometric

shapes.

'SKINF: Turbulance Skin Friction Drag Program.

The program computes the skin friction drag of a vehicle including
the effects of distributed roughness and temperature of the sur-
facesat arbitrary combinations of Mach number and altitude.

CaITulations~can be madeusing cither the standard:-day or the +10.-

degrees hot day atmospheres.. Input concists of flight conditions
(Mach-altitude), the wetted areas, reference lenqth and form fac-
tors for all of the components of the aircraft in the mean rough-
ness height and emittance of the surfaces. Wetted areas in
refeérence lengths may be obtained from the program WETED,

SSAM: Swept Strip Aercelastic Model.

The program performs an aeroelastic evaluation of the wing span-
wise flight load analysis including the complete aircraft balance
for a specified set of steady state mconeuvers and/or design 1lift
conditions. Here, proper inclusion of the wing-bcdy anrnd the
nacelle aeradynamic and weight effects are included in order to
compute the required balance tail load which is reflected in the
wing load calculation. The flight loads, including the aero-
dynamic and wing dead weight loads, are converted into structural
. wirg box kending and torsion loads to evaluate the resulting
bending and torsional stresses. If the calculated wing stress
exceeds the allowable wing stresses, a new set of values of wing
section stiffness values are selected to match the allowable
stress distribution specified within the program data. The wing
aeroelastic load solution is then repeated until the ctalculated
and allowable wing stresses are matched. The cycling process is
fast and usually requires three to. five cycles to converge depend
ing upon the error margin set within the program. The final
calculation is the wing box weight based on the final set of EI
and GJ values obtained. The analysis is limited to subsonic
flight conditions.

SSSP: Space Shuttle Synthesis Program.

The program automates the trajectory weights and performance com-
putation essential to predesign of the space shuttle system for
earth-to-orbit operation. The two-stage space shuttle system 1is
a completely reusable space transportation system, consistinge cof
a booster and an orbiter element., The SSSP major subprocrams are
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detailed weights/volume routine, a precision three dimensional
trajectory simulation and the iteration and synthesis lojic neces-
sary to satisfy the hardware and trajectory constraints. Three
versions of SSSP are available representing some early space

shuttle concepts in the predesign stage of the shuttle project.

TOLAND: ~Take-Off and Landing Program.

The program was constructed by NASA's Advanced Concepts and Mis-
sion Division, OART. The program provides simplified high lift
aerodynamics based on DATCOM methods, a ground roll analysis,
rotation logic and climbout to clear a fifty-foot obstacle.
Angle-of-attack in the ground run and rotation maneuvers are
determined from the vehicle geometry which is input to the pro-
gram.

TOP: Trajectory Optimization Program.

A steepest-ascent optimization program has been developed which

_is capable of optimizing the flight path or a wide class of

vehicles. The program will optimize rockets, air-augmented
rockets, ramjets, scramjets, turbojets and glide wvchicles.
Unique features are incorporated which allow extension of
optimization procedures into the airbreathing propulsion field,
particularly to supersonic transport type vehicles.

The body pitch angle is used for in-plane trajectory shawing in
place of the usual angle-of-attack control variable, Additional
control variables include bank angle, engine throttling and a
variable geometry control variable for vehicles with variable
sweep wings, drag brakes, etc. Enroute placards are available
to allow optimization within realistic constraints, such as con-
trol limits, structural loads, engine operating limits, manned
vehicle requirerments and ceopolitical limitations such as scnic
boom,

The optimization is accomplished with an automatic step-size
controller and with automatic control variable welicdh ting matrices
to allow probler solution in a single echputer run. . Autonatic
plotting capability is included. Multistaged vehicles and pro-
blerms involving wvariable initial cendizions may be cptini
variable step funge-Kutta integrator perforis the derivar
evaluaticns.
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TOPLOT: Plot Generator for TOP.

This program interrogates the output file from TOP. (Boeing Tra-
jectory Optimization Program) and generates time history plots

of various performance and constraints functions generated during
a top run. The output is placed on temporary disk and can be
transferred to a physical tape for plotting using tne PLOTSV pro-
cedure. -

TREND: Subsonic/Supersonic/Hypersonic
Aerodynamic Trade~Off Program.

The program provides rapid aerodynamic lift, drag and moment
estimates and the subsonic, supersonic and hypersonic lift
regimes. It is primarily designed to estimate high iift/drag
re-entry vehicle aerodynamic characteristic, but the class of
vehicles which may be analyzed by the program is of greater range
than the primary class of vehicle. Some program modification may
be required if the extension is too great. The prograr may be
used for generating basic aerodynamic coefficients or it may be
used for trending from known aerodynamic characteristics based on
theoretical changes in the geometry. 1In the hypersonic flight
regime, the program contains an optional aerodynamic heating com-
putation capability. .The program does not possess a transconic
aerodynamic characteristic estimation capability.

VAMP: Volume, Area and lMass Properties.

The VAMP computer program calculates the mass properties, c.g.
location, enclosed volume, wetted area and planforr area cof any
closed structure that has a plane of symmetry. The vehicle is
described to the computer program by ordered sets of X, Y, 2
coordinates of points on its surface. The X, Y, Z coordinates
are converted to quadrilateral elements for analysis. The mass
properties of each quadrilateral may be computed from a thickness

~and density input for each quadrilateral or from a weight per

unit area input at each point or from a combination <f both.

The. computed mass property totals may contein not orly the con-
tribution frem the dist.oibuted mess on the vehicle surface wall,
but additional masses may be added as "black boxes" by specifying
cach one's c.g. locatio. and mass properties.

Program VAMP can also produce picture-like images of the ~ehicle
or individual sections from the guadrilateral element data. This
facilitates checking the input and visuvalizine and/cr medified
configurations., Orthographic, perspective and stero views nmay

be obtained. .
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VARIAN: Data Transfer Procedure.

VARIAN is a procedure for transferring accumulated plot vector
data for the VARIAN plotter from the temporary disk file to a
physicai tape. The physical tape request card must be provided
as data by the user. »

VSAC: Vehicle Synthesis for
High Speed Aircraft.

The VSAC program was developed for use in preliminary sizing
studics of high speed flight vehicles. Single-stage aircraft
with either takeoff and landing capability or airborne start,
and two-stage vehicles consisting of an aircraft with an expend-
able, rocket-propelled booster can be sized. The single-stage
aircraft are capable of either rochket or airbreathing propulsion
and flight speeds to Mach 6. Two~stage configurations cover
flight regimes to Mach 15, although no supersonic-combustion
engines were considered.

Mission modeling is provided in a modular fashion to allow the
program user maximum flexibility, ard to allow improvement or
substitution.of subroutines as new studies may reguire. Analytic
performance equations and numerical trajectory integration are
provided, together with appropriate iteraticn rottines

The prlmarv acrodynamics method is a compenent buildup procedure
that requires the user to input.only a geometrical description of
the external vehicle characteristics and cenerates curve-fit
expressions for the lift and drag coefficients. Stability and
control are not considered.

WAATS: Weights Analy51s for
Advanced Transportation Systens.

WAATS is a weights analysis program which uvses the component
buildup technique for weight estimation. Fach component weight
is based on the weight of the sanme component of similar vehicles
that have actually been built or at least desicgned ir great ce-
tail. The sinmilarity law that gives the best correlation for
nost subsystems has been shown to be the pewer iaw fcrmula:

y = a .

The program lcgic assumes the pro;ella it weight and physical

characteristics are known. It performs the weicht estimations
with user suveplied corrclation parameters (a and b), estimated

63

1
R
1
1

i

1

i

[TO——



P oy

Ty

T T s

gross weight and estimated landing weight. An internal iteration
loop cycles through the equations until convergence on weight is

achieved.

WDRAG: Zerou-Lift-Wave Drag Program.

The program calculates the zero-lift wave drag at supersonic
speeds for airplanes having arbitrary combinations of fuselage,
wing, nacelle, horizontal fins and vertical tail. The input
geometry description is in the format of CONPLOT and WETTED
programs. The program may also be used to calculate (for any

.desired Mach number) the fuselage area distributions that are

required for a minimum wave drag. Simplified fuseladge con-
straints may be included for the above calculation. The fuse~
lage may be cambered and may have arbitrary cross-sectional
shapes. The wing may be twisted and cambered. The theoretical
approach is based on the far-field linear theory that considered
the relationship between the forces on the airplane and the
momentum transported through the boundaries of a control surface
completely. surroundlng the airglane.

WETTED: Wetted Area in Reference Length Program.

This program computes the surface wetted arsa and reference
length for all components of a configuratior based on corner-
point geometry inputs to the program. The configuration may be
arbitrarially divided into components on the fuselage and all
aerodynamic surfaces. The wing may be divided into many stream-
wise panels in order to approximate a strip integration for skin
rriction calculations. Input to the program is identical to
CONPLCT. Output is suitable for use in the SKINF program.
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APPENDIX B: THE ODIN EXECUTIVL PROGRAM

The ODIN executive program, called ODINEX, is used for linking
independent technology computer programs. The linkage forms an
interdependent system of automated tools for synthesizing
engineering design and analysis processes. The use of the system
requires the prior assimilation of the following basic compcnents:

; i 1. A library of independent technology programs.imcluding
: the ODINEX program.

2. The control card sequences for the execution of the
independent programs.

3. The setup data for the independent programs which per-.
- form the desired analysis functicn.

The basic components are often available without additional pro-
gram developnent.. The program segquencing and intercommunication
required to integrate the basic components into a design simula-
tiorn are controllid by ODINEX. The basic capabilities of the
program are: -

1. Language elements for the construction and maintenance
: of control card séquences and design data.

2. Language elements for controlling the execution of a
sequence of independent programs by simple commands.

3. Language elements for automatically retrieving daﬁa
base information as input to any of the technology
programs.

4. A simple technique for generating summary reports of
data base infermation.

w

The components of the ODIN system are applied to a design problem
-as illustrated in figure B-1l. Operating on the simulation stream
- constructed by the user from the input-data for the individual
technology programs and the executive sequencing/communication
instructions, the ODINEX program merges a portion of the simula-
tion stream representing one technology procram execution with
data base informaticn to form a control card sequence and nmodified
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input stream. The control card sequence provides instructions to

the computer for locating and executing the requested technology

" program. . The technology program reads the modified input data,

generates the normal output and may generate an interface data

file of potential data base information. The next execution of

ODINEX merges the interface data file with the data base, then

repeats the entire cycle for the next technology program in the .
simulation stream. Instructions can be provided fcr looping back-

ward or forward in the simulation stream.

Complete instructions for use of the ODINEX language elements in
conjunction with the basic ODIN components are presented herein.
In addition, an interface technigue is described for allowing

any program in the syntheésis to update the data basa. The techni-
que does not influence the stand-~alone operation of the progran.
More details on ‘syntactical construction of the 1anguage clcmcnts
may be obtained from reference 8.

(.I.angufagie' St:uctﬁre and Usdge

The languagewior constructlng a sxmulatlon stream consists of
control directives and commufication commands which are summari-
zed in figure B-2. Each language element is delimited by apair
of apostrophes (') to distinguish ODINEX input from the input
data and-execution-control cards in the simulazion strean., _For
example, in the language element, .

'NAME...oses!

NAME is the name- of the command or directive (i.e. CREATE or ADD).
The remaining information within the delimited region is ancillary
to the specific command. The executive program scans the simula-
tion stream for delimited 1“-ornat10n and performs the function
specified therein.

The distinction between the language types lies in the functions
which each performs, Control directives are used for controlling
the execution seguence of the library programs. Directives are
included which execute contro. card sequences, define branch
peints in the simulation streanm and provide branchinag instructions
Data base printing is also ac:cmplished through control dircctives.

The control directives CREATE, UDPDATE and EXECUTE specify the nre-
processing of a user data file which feollows the directive. In -
these cases a user end-of-file (*HOF starting in column 1) i
reguired to flag the end of the data. All communication consan
rnust be placed within one of the user data files described ablove.

oo
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* 'CREATE name' _
File handling directive for initializing named data bases,

, CCDATA is a special name used for the control card
3 ' data base.

'DESIGN name'’ ;
Control directive defining a point in the execution sequence

to which control may be transferred.

*END' : _
Control directive which flags the end of a simulation.

* *EXECUTE name' |
A directive for executing a prestored sequence ef control
cards by name. '

'IF name.OP. name' :
Condition for branching. Any number of conditions defined
by the named data may be specified on cards after a LOOP TO
directive. 1If more than one condition is specified, any one
of the conditions satisfied will trigger the branch instruc-
tion. OP is a conditional. operator (LT,LE,EQ,GE,GT).

e g e e e e

Sy e ry———e

'LOOP TO nam.:' -
Branching instruction referring to a design name. t can
be conditional or unconditional.

¥
4

*PRINT name' _
Directive for printing data bases.

' RESTART' _
Causes the use of an existing data base. The data base must

have previously been defined and stored.

* 'UPDATE name' .
File handling directive for updating named data bases.

o _ * pata followed by user end-cf-file (*EOF) is reguired,

FIGURE B-2 ODIN EXECUTIVE LANGUAGE.
(A)  CONTROL DIRECTIVES.




] A ] .
Used to replace data base names and delimiters on an input
card with data base information.

A may be a scaler or vector data base entry of real, integer,
hollerith or logical type.

A may be an arithumetic combination of recal or integer data base
variables, array elements, arrays oOr constants.

‘abb A =8, ...'
Used to create a new data base antry or alter existing data
base entries.

A is a new or existing entry, scalar or element of an array.

B is the update information which can be real, 1nteger,
hollerith or logical constants, variables or arlthmctlc
combinations thereof.

'. comment' :
Used for placing descriptive information in the data stream.
* ODINEX replaces the comment and associate delimiters with
blanks in the applications program data deck.

'DEFINE A = n, description,’
sed to cefine new or existing entries arnd reserve space in
the data base. No data is entered.

A is the new or existing data base entry.

n is the desired number. of data base locations. t is
ignored if the entry exis*s, the default is 1 if omitted.

description is the hollerich information associated with
the variable A.

*INSERT F = n/m’ ’
Used for inserting subsets of BCD files within the modified

input stream at the location of the command.

F is the system file name,
n is the starting record.
m is the ending record (m = EOF identifies the end-of-£file)

FIGLRE D-2 ODIN EXECUTIVE- LANGUAGE,
| (B)  COFMUNICATION COMMENDS,
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All control directives must be placed cutside the user file
boundaries. The total simulation is terminated with the END
directive. A typical simulation involving two programs is
illustrated below:

'CREATE DBASE®
(DATA)
*EOF

'EXECUTE DPGLA'
(DATA)

*LEOF

'EXECUTE PGMB'
{DATA)

*EOT

*END’ .

In the above simulation stream the executive program will per-
form the indicated operations in three steps:

1. Create DBASE and enter the information indicated by
(DATA) .

2. Construct a control card sequence for the execution of
PGMA, preprocess the information indicated by (DATA) and
construct a modified input stream from it. Provide the
linkage to the control card seguence.

3. Perform the operations of step 2 for PGMB.

The simulation stream may be augmented by conditional branching
using the control directives:

-'DESIGN POINTI1®

'LOOP TO POINT1'
'IF vi.LT.V2!
The design directive establishes a point in the simulation stream

where control may be transferred. The LOOP TO directive dirccts
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the actual transfer and the IF directive provides conditions
under which the transfer will be performed.

The communication commands provide the means by which data base
storage and retrieval functions can be performed. They command
the transfer of information from the analyst to the data base,
from the data base to the technology programs and from the
technology programs to the data base. In the transfer of infor-
mation from the analyst to the data base, the ADD, DEFINE and
INSERT commands are used. A comment command is also available
for annotating data. In the transfer of information from the
data base to the applications program, the replacement command
is used. Data from the data base is transferred by rame to the
input stream of the technology programs. In the transfer of
information from the technolcgy programs to the data base, a
special extension of the 2DD command is employed. An interface
file of ADD-like commands can be generated by any technology
program for later processing by the ODIN executive program.

Construction and Maintenance of Data Bases

Data base construction and maintenance are accomplished by the
use of the three control directives, CREATE, UPDATE and RLSTART.
The CREATE directive creates a new data base which is siore< on
a tcmporary disk file by the same name., By permanently storing
the data on the disk file, the user may accoss the informaticn
at a later time. The use of the UPDATE directive in conjuncticn
with previously created data bases, allows the uscr to-modify
the data contained therein. The RESTART directive specifies the
use of an existing data base as is. '

The basic constuction of data bases is similar but varies in
total size and specific characteristics which can be specified

by the user at creation time. Trata bases consist of two distinct
parts, a free storage arrav of packed information where the
actual data is stored and a directory of names and pointers to
the data in the free storage array. The directory and the data
“base have certain attributes which are assigned by the CREATE
directive.

'CREATE name, attribute = value, attribute = value’
(DATA) ‘ .
*EQOF

Any or all of the attributes may be specified by the user as
follows. If not specified, the default values will be used.




Attributes Default Description
LTOTAL 1024 Total number of computer words allocated to
the specified data base.
) NWORD 2 Number of computer words per data base entry.
DIRLEN 51 Total number of directory entries allocated
| to the data base.
LENDES 5 Number of words of descriptive information

associated with each entry in the data base.

Each entry in the directory is the name of a data clement or the
name of an array of data elements. Up to DIRLEN entries may be
made. Each entry may have a short description (LELDES-2Z) stored
with it. Each data element occupies NWORD computer words. In
establishing the size of the data base (LTOTAL), the user rust
consider the total number of elements of data desired in the data
base . the directory length, the desired length cf description and
‘the number of words per data element. If NELMT is the total num-
ber of elements, then:

LTOTAL‘=.DIRLEN*(LENDES + 3) + NELMT*NWORD

After a data base is initially established, the UPDATE directive
may be used for adding or modifyine the inforration contained
therean. The form of the directive is:

*UPDATE name'
(DATA)
*EOF

Attribute parameters which are established once by the CREATE
directive may not be specified by the UPDATE dircctive. If the
use of the existing data base without modification is desired,
the directive: '

' RESTART'
is usecd.
an o bata Lase,

roation is the
ue or vaiuwes to

~1
ro

No attributes may be specified and no data may e atlded,




If the name is a new entry, any number of values may be added.
The number of values associated with the name when it is first
added is also the number of locations reserved in the data base
for that information. Later modifications to the information
can not create more data base space. The values may be real,

integer, hollerith or logical. A single ADD command may be used

for creating or updatinc many 1nformatlon sets.

‘ADD Vl 25., V2 = 30, V3 = ALPHA, V4 = .TRUE.,

A =10., 15., 20., 25., I =4, 5, 6

vi =5 * 0.,°'

The data type is defined by the input data type. Upon retrieval,
the data type is determined by the characteristics of the stored
data. The format of the ADD statement is patterned after the
FORTRAN NAMELIST feature and indeed has many of the same character-
istics and usage rules. For example, all name/value sets are
separated by commas (,):; all elemental Vvalues of an array are
separated by commas; the entire staterment (command) is delimited.
In the case of NAMELIST, the delimiter is a dollar ($) sicn; in
the case of ADD commands, the delimiter is ('). The rules for
entering hollerith information and multiple constants differ from
NAMELIST. For details, see reference 8.

The ADD command has additional capability not present in NAMELIST,
The value associated with !{he ADD name may %e a prev;ouslv defined
data base variable ‘name:

ADD V1 = V2,

The ef fect of the above command is to transfer the information
associated with V2 to the data base space assigned to V1i. V1

may or may not exist prior to the ADD command. If V1 did not
exist, space will be created in the data base as the information
is transferred. 1If V1 did exist, then the information in V1 will
be replaced by the information in V2. The transfer of information
from one data base location to another is generally limited to
scalar guantities. The AD) command may also be used tor cormbining
existing data base informacion with other data information or
constants:

'ADD VI = V2 * V3,!

The operation illustrated above indicates a multiplication of the
two nunbers on the richt side of the egual (=) sign pricr to




transferrxng the resultlng information to the space allocated to
Vli. Any algebralc operator may be employed as follows:

+ addition

- subtraction

* multiplication
/ division

i ekponentiation

More than one operation may be performed on the right side of
the equal (=) sign. ,

'ADD V1 = V2 + V3 * K,°'

Up to ten operations may be performed within a single ADD command.
The operations start from the equal sign and progress to the
right. The first variable is combined with the second. The re-
sult of that coperation is combined with the third. The result

of that operation is combined with the fourth, etc. It should be
noted that the hierarchy or order of the operations does not con-
form to FORTRAN arithmetic. For examp]e, in the above illustra-
tion, "V3 1is added to V2, then the sum is multlplled by K.

If the data base were so deflned the dﬁrectory may contain space
for storing descriptive 1nformatlon. Depending on the value of
CREATE parameters, LENDES space is reserved for each name entered
equ1valent to:

LENDES -2

The default value of 5 provides three computer words (30 characters)
for descriptive information. The DEFINE command is used to
store the descriptive information in the directory:

'DBFINE-name, description, !
DEFINE name = value, description,'’

Name is a new or existing data base entry. If the name exists,
the description is added. If not, the name and description are
added., 1If the name is a new entry, then the value may be used
to reserve space in the data base for data elements to be added
later. The absences of value on a new entry results in the
reservation of space for a single data olement.
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Control Card Data Base. - The control card data base, CCDATA,
1s a special data base used for the storage of control card
sequences representing computer instructions for retrieving and
executing technology programs. The c¢rcation of CCDATA is accom-
plished as follows: '

'CREATE CCDATA, NWORD = '8, LENDES = 4’
(CONTROL CARD DATA) -
*EQF

The value of NWORD is usually 8 (80 characters) representing the
width of a tab card. The width can be reduced if the stored
control card representatives all fall within the width specifica-
tion. The parameter LENDES ig usually 4 (the minimum value) since
; descriptions are usually not necessary or can be specificd on the
| control cards themselves. LTOIAL and DIRLEN may be sclected cn
the .same basis as described for the design data bases.

The method used to enter control card seguences into CCDATA
deviates from that employed for entering data into the design

f data base. Each centrol card sequence is assigned a name which
‘is specified on the first card. The ccntrol card seguence
associated with the name continues until another name is en-
countered:

'namel =
(CONTROL CARD SEQUENCE)
name 2 =
{CONTROIL CARD SEQUENCE)

The CCDATA entries are delimited by apostrophes (') irmediately
before the first name (no embedded blanks) and on a separate caré
following the last control card entered. A contrcl carcé seguence

may contain any correctly fornatted information but nust include
the following control card information:

l. The first card must specify a program retrieval if
necessary or a system comment card.

2. The execution of one or more technology ant,/or utiliisy
Programns.

3. A control card that specifies the re-cxecution of she
ekecution progran.,
A sample CCPATA entry for the CDC 66C0 at LRC is iilustraicd
below:

~1!
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PGMA =
FETCH,A0000, ,BINAR:,,OVL.
(OTHER PRE-EXECUTION CONTROL CARDS3)
OVL,MODIN,OUT,NMLIST.
(POST-EXECUTION CONTROL CARDS)

~ CCLINK, ODINEX. S

The card beginning with FETCH retrieves the program called OVL
from permanent storage (data cell). The card beginning with OVL
specifies the execution of OVL. Other file names on that card
are: .

MODIN - Modified Input Stream , B
OUT - Normal Outpuat from OVL '
NMLIST - Interface File

The card beginning with CCLINK specxfles a systenm level linkage
to the next ODINEX execution.

The storage of CCDATA for future use reguires the storage of ‘e
system file of the same same. The ODIN system is designed to
retrieve the CCDATA file at the bcginning of each accumulation.
CCDATA may be updated a% that tirme. U a*ing the contrel carz
data base is similar in format to the ¢riginal creation:

'UPDATE CCDATA'
(CONTROL CARD DATA)
*EOQF

As with the design data base, data base paranmeters may not ke re-
specified on the UPDATE directive. Updates to the control card
sequences arc made on an one-for-one replacement cards starting
with the first card specified. and continuing¢ for as many cards

as are specified.

‘name(n) =
(CO\TROL CARD SLLLL CL)

“he value, n, specirics the starting card, care rusi be taren to

aveid exceeding the nurber of curds originally placed in the data
Lase since srace in exizting souudences can not be createg.  How-

Cver, new seguences nay Le entered,

The RESTART conmang has not significance for contrel cara data
buasus since the systcn 1s designed %C provide continucus avail-
abllity of CCoaTA.
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Construction of Simulation Streans

There are three major cowsxd;ratxons in the constructxon of de-
sign simulation strgqma.

1. Establish a dusign data base and control card data base
for use in the simulation.

2. Construct the desired design scguence.

3. Provide data base interfaces within the input data sets
for the technology programs. : ;

Data bases arc estalblished at the beginning of the simulation en
an one-time basis using the technigues discussed above. The de=
sign data base is dofined first by use of a CREATE, UPDATE or
RESTART directive. CCDATA may then be created or updated as
required. The control card data base should contain all of the
control card sequences nhecessary to the execution of the simula-
tion. HMany combinations can be conceived but the folloewing
sequence illustrates the construction of a new desien data base
and updating of the existing control card data basce:

'CREATE DBASE'
(DATA)

*EOF

"UPDATE CCDATA'
(DATA)

*LEOF

{simriaTioN DATA }
'END'

Exccution of a Scyuence of Technelegy Proarams. = Now conslue“
e problem of sagueutial oxecution of one oY mcrc te glo\v
rrograms Lsi le

=
-~
O the Q01N system., Assure the Yol
trol directives:

PEXECUYD oM !
{DATA)

Lo

———
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'EXECUTE PGMB °
(DATA) '
*EOF . _ _ .
'EXECUTE PGMC ° ‘ '

(DATA)
*EOF

The function of ODINEX s simply to retrieve the control cards
sequences for PGMA, PGMB and PGMC from the control card data base
and queue them for execution by the computer operatina system.
The operating system performs the various control card functions
contained in the seguences. ODINEX also pre-processes the data
associated with each program and constructs a modified input
stream. The pre-processing function will be discussed later.
The physical linkage between the control caru scquences cf the
various applications programs and ODINEX is a CDC 6600 operatini
system utility program, CCLINK. CCLINK is executed at the end
of cdch control card seguence in CCDATA to lirk the technoloay
program seguences just executed to the ODIXEX program seguences.
The linkage is sustained by ODINEX until an EXD directive is
encountered. Details of the cperation of the example utility
CCLINK are contained in reference 8. Similar utility pregrans
are usually available for other computer systoms.

Conditicnal branchina. = The ODINEX program can direct the trans-
fer of control forward or backward in the simulation stream by
the use cf conditional branching instructions. This capability
is achieved by the following control card directive language
elements:

'DESIGXN nare'
'LOOP TO name'
'IF V1i.LT.V2'

The DESIGXN directive establishes an identifier name in the execuw
tion scquence vhere control may be returned (or skipped to). Tha
LOCP TO directive points to the identifier name to which contrel
Is to be transferrcdé. The IF directive is a ceonditional cperats
based upon design dependent logic. If absent, the LooP TC direc

ive is a mandatory brapching command. V1 and V2 represens data
base values or numeric constants which may be used for estabiish
ing the branching conditions of the applications prograns.

The languace clements permit a complicated systen
loops to bo constructed for satisfying a variety ©
straints.
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language test differs in form to that of FORTRAN.
- are: .

‘IF
‘Ir
‘IF
‘IF
'IF
‘IF

As noted previously V1 and V2 are constants or variables con-

in the design data base through use of the ADD command

or genecrated by any technology program in the synthesis and .
passed to the design data base (the method to be discussed later).

structed

The ability to selcct alternative program execution paths based
on design dependent logic as illustrated below:

YEXECUTE PGMA'
"'DESIGN DP)YINTA'
'EXECUTE "“GMB'

V1.LT.V2*
V1.GT.V2*

V1.LE.V2*
V1.GE.V2"®
V1.EQ.V2'
V1.NE.V2'

‘The IF tests employed encorpass the standard set of six tests in
FORTRAN; although the form of the ODINEX control direcctive

IF_(V1<V2)

IF (Vi>V2)
IF (v1igv2)
IF {(V1>Vv2)
IF (V1i=V2)
IF (V1#£V2)

‘LOOP TO POINTB'

'‘IF
‘IF

vi.nQ.v2!

V3.LT.V4' )
*EXECUTE PGMC'

‘LOOP TO POINTA'

'DESIGN POINTB'
'EXECUTE PGMD'

LI I B A A K UL B I Y

The above control directive seguence defines the execution of
PGMA and PGMB with a conditional loop
If neither of -the IF conditiens is satisfied,
- executed followed by a mandatory lcop back to PCINTA.

POINT3.

The six tests

(in this case,
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Retrieval of Design Information

The retrieval of design information from the data base is accom-
plished by two basic communication commands:

1. Replacement Command.
2. INSERT Command.

The communication commands are strategically jplaced into the
technology--pregras input data- sets. The -augmented data sets form
skeletonized input for the technology urogrars. Each data set is
headed by the EXECUTE control directives corresponding=to the
appropriate technology programs., Collectively they form the de-
sign simulation stream described above.

Upon execution of the ODINEX program, the data sets arce scanned
for comnmunication cormands which must be delimited by apostrophe
pairs (') for identification. Each encounter with delimited
information causes ODINEX to perform the indicated replacenent
or insertion action. The result of all encounters within the
skeletonized input for cach technoloaey program is a medified in-
put stream wihich can be processcd Ly the technclogy proeuran.

Replacenent Command. - Data base inforrmation way be enterc
the techniioicgy program data sets by means of dclimi:cq 4.td
variable names entered in the precisce location where hc
adta 1s to be placed. The delimiters define the 12 '
simple replacerment (i.e. a single cdata clement). The ORINE
aram will replace the variable name and delimiters by it
base value and rewrite the card imace on the ”odifigd ing

Input formats such as MNAMLLIST-like inputs and rigidly o
input can be accermodated by the proceuure Fer \arple,
truc NAMELIST input, a data base variable would be entered

follows:

f the NAMBLIST variable. V1 1s the data base
s specilZy the field width %o be coployed in
¢ name with thie cerresvonding wata rase
tarly for a formatted invut where data noermmally
Ll specifiod range o colunnis, thwe data
(4 is sinm “l- :

0
<
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The delimiters are placed at the appropriate card colurns defining
the field for the data element. The data base name is placed with-
in the defined field adjacent to the first delimiter, -

Additional capability is available when namelist input is used
by the technology pregram. Entire arrays may be transferred to
the input stream using the following procedure:

NAME = ‘'VARRAY'

where VARRAY is a data base array name. If the data in VARRAY
contains more data than can fit on one card rccord, additional
'‘cards' are created and placed in the modlfxed input stream to
accommodate the excess data.

: iriables and céonstants may be combined much like the
capability described for the ADD command akove. For example, the
operation: ’

'vi * v2!

illustrates how the product cof V1 and V2 may be used as the re-
placement'value of data base variable. The product never resides
in the data base but only in the modified input stream. \'l must
be a data basc variable name but V2 may be a data base \arxubl;
or constant. More than one arithmetic operaticn may be performe
within the delimiters:

V1 + V2 * v3'

Up to ten operations may be performed within a single cormand.
The nierarchy of operations is the same as that described for
the ADD cormmand. '

In general, array clements may also be used in the replacement
command:
'vi{s)"
or
'Vi{s) * va2(6)"
ne exception from this capobility is 1in dealing with the first
elerent of an array.

lv(l) t
The above ccmmand stecifies the replacement ¢f an déatire data
n oacceptable command lov

base array and is thercfcre not an
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replacing the first element of an array. The dilemma may be’
avoided by use of the following two cards:

"ADD NEW = V1(1)°
'NEW®
The ADD command dcefines a new data base variable which will con-

tain the element V1(l). The replacement command will place the
variable NEW (i.e. V1(1)) in the modificd input strecam. In gen-

~eral, all ADD consiand. capability dzscribed under data base con-

strﬁ¢t10ﬁ*15fapp11cable when placed in the skeletonized input of

a technology ptocra The ADD command instructions are performed
Hut the ‘card! whth contains the command and is not transferred
to the modified input stream.

A special feature of the replacement command is the element-by-
element combination of entire arrays or the combination of arrays
with constants. As an illustration, consider the example:

‘vl * ve!

where the data basce variables V1 and V2 are arrays. The above
conmand specifies the clement-by-element o thiplicatxcn of the
arrays. If one array has fower clerments than. the other, the com-
bining of c¢:ements cecases after the shorter array is exhausted

and the rest of the longer array remains unchanged. The variable
V2 may be a constant or data base nanme 1ult1plc opcratlona may

- be perforrmed using the hicrarchical rulus descrived above.

Insert Conmand. - tUnlike the replacement command which cxtracts
inrormation from the design data base, the INSERT command trans-
fers information seguentially from a formatted data card file.
Starting and stopping positions within the file may be specified
as follows:

'INSERT namel = n/m, nare2.= j/k'

The effect of the command is to search the narmed system files,
narel and namel, for integer card nurbers n throuch m and j
through X, 1I: the card nurnbers are cmitted, the entire naned
file is transfcrred to¢ the rodificd input stream. The end-of-
file may be specified feor the named f1lc by replacina m or X with
the character string, Lo, The card ccontaining the INSERT com-
pand is not tramnsferred to the modified Input stream.




Commrent Conmand. =" 1n auoxtxon to prchouslv described ccrmmands,
there exists a spcc1al "command" for identifying data.. The for-
mat is: ’ S

‘. comment'

No actxon is perfor“cd as a result of this command. It is useful
only as an identifier for other data. For example, consider a
technology program which uses formatted input (i.e. numbers with
no identifiers or names associated with them). The ccrment com=-
mand may be used to identify the data elements within the input
data stream. The effect of processing this corrand through ODIXEX
is simply the replacement of the cermand with blanks., 1f-the
resulting card image is entirely blank, then the card is not
transferred to the nodified input stream.

Report Generation

C.
O

A special feature of the ODINEX program is its ability %o pro
user generated report formats augmented with data base infornm
tion. The report generator is applied in the following manner:
'EXECUTE REPORT!
(REPORT - DATA)

*1Or
The report data is formatted by the uscr te prewvide a.y Jdescerin-
tive information desired. The repere data nay contain data Lase

information throuch the use of the communication com
ed above. One example of c¢ard image in the. report «

WEIGHT OF THE SYSTEM 1S ‘*WGT' -POVLDS

In the above illustration, WGT is a data base variable name. The
ODINEX executive program replaces the data base name and delirnidter
'WGT' with the information stored in the data base The repert

is printed throuch the normal computer cutiput channcls. The in-
sertion of a revort in the simulatic
normal seguence c¢f events fcr the s
contain carriauge control character
data cards.

w
pe
o
G
‘.
]
¢
1
I3
o
[
¢

1 - Eject a tage before Printing.

o . e
0 - SkKip a Linv before Irinting.
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‘mechanisn by which the f3

Any number of reports may be generated during a simulation. The
format of the individual reports is tailored to the needs of the
particular study. . Once the format is established, it can become
a permanent part of the simulation stream. Any of the fcatures

~of the ODINEX language, including scaling and adding data base

information, are used in a corpletely free field report format.

Technoloyy Program Interface Requirements

Interfacing technology programs require the transfer of informa-
tion from the technoloay program to the ODIN data base where it

becomes avaiiable to other technolouy programs. - There are gen-

erally two methods of interfacing technology prograns-iox use in
the ODIN systcemn: .

1. Use of existing'output files from the technology program.

2. Generation of special files of information thhzn the
technology proaram.

Many technology programs generate files of inforratian suitcble
for use with the ODIN system, either directly or through an inter-
face program. The interface proygram cbtains its input frem a

file generated by a technoloyy program. The output will ke o
special data file which can be processed :y the CODINEX progcran.

Aan interface program is citen the mest convenlent reans of
extracting data because ¢ ' the uncertainty associated with the
rodification of many technology progrars.

wWhether the technology progyram is modified or an interface pro-
gram is written, the generation of the special output data file
uscs similar procedures which involve little preogramming Know-

ledge to accormplish.

Creating a Srecial Output File. - The objective is to gererate
a file which can be processed by the ODINEX prograrm and which
contains the pertinent desicn information., The special file is
nade available to ODINLX by the use of an additional filc para-
meter on the program carc (CDC €600 only).

~ b e .

The TAPE7S filc is internally ucnerated Ly PGMA and later ¢
Yerred to the data base by the ODINEN executive progranm.  Th
“ile number is cprticnal and may bLe any available unit. " The .
iie 18 passcd fren *‘c techneloey program
1

.
- - sl

- ;“ - I « % . 3 & e - -

1s referred Le as file sulstitution. %

to t.u'-. UJl.\un\! cxeCu tl’s' :
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an 111ustratlon of f;le substltutlon tecknlque, consider the
execution of PGMA above. The execution control card for PGMA
would be: '

PGMA,MODIN,OUT ,NMLIST.

The above card specifies the execution of PGMA. Additionally,
it specifics that the INPUT file for PGMA will be MODIN, the oUT-

PUT file will be system file name OUT and the TAPE78 file will be

the system file name NMLIST. These files arc addressed internal
to PGMA by the names on the program card, but addressed extexnally
by the system file name. ODINEX recognizes NMLIST as a file
containing potential data base 1nformatxon and processes the data
contained therein. .

Format of the Speciai Output File. - NMLIST is intertrogated by

ODINEX for name oriented information in the following format:

$name name = value, valuz, $

‘Note the similarity between this format and the ADD command for-

mat described above. The only difference is the delimiters
cmpleyed, Also, it is identical with the FORTRAN NAMELIST feature.
In gencrating the NMLIST file within the applications prograﬂ, the
analyst has thz option of usinrg NAMLLIST (in FORTRAN prograns
only) or simply simulating NAMELIST as follows:

1. Secparate name and values with cqual (=} siagns
(N = V1), :

2. Secparate name/value sets with commas (,)
(N1 = V1, N2 = V2). :

3. Separate values {as in an arra‘) with ccmrmas. (,)
(N3 = vi, v2). v

4. Delimit multiple name value sets with a delimited
ADD like "command" (Sname.........S$).

Cenerally the name selected is one which . is similar to the prouran

name such as:
SPGMAO

for PGMA output. The advantace ©
is apparent in the actual data base conssructic
PGMAO is storcd in the cata base directory ifden

C
program or "ccecmmand" last updated the value or W
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Excluded Names and Special Options

Generally, any name except control directive names, communication
command nares and design identifiers may be used for naming data
base information. However, there are a few additional exceptions.
The excluded names are listed below: .

BUILD Option for dynamic construction of the
‘ » data base.
DIVIDE = chr Symbol used for divide (/) in the operator
: directory.
DOLLAR = chr Symbol used for DOLLAR (S) in the operator
' " directory.
ELTIME = value Total elapsed simulation time used in tim%._
ing option (must have 7 lozations reserved 1
~in the data base). 4
EQUAL = chr Symbol used for equal (=) in the operator
directory. 7 %
EXPON = chr Syrbol used for exponentiation {**) in the
. ' operatot directory. '
MINUS = chr by*bol uscd for suburactxou (-} in the
: perator direceory. '
MLTPLY = chHr =~ Syrbol uscd for rmultiplicatien (*) in the '
operator directory. ’
NOTEQL = chr Syrbol used for a data base delimiter (#)
in the operater directory. . !
INDUMP Option to print the modified input for
; every programn.,
OUTDOUMP ‘ Option tc print the special data base out-
' put file from each program. :
PAGDMP : Opticn o .print the internal string proces-
sine inferrmation. :
PLUS = chr- symbol used for additicn (+) in the cperator
directory.
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The above names, when stored in the data base, represent special
options in ODINEX. The data base variables are stored with the
ADD command {(i.e. 'ADD BUILD'). 1If present in the data base,
ODINEX will reset control characters or pcrforn speczal functions
as descrxbed in the following paraqraphs.

The BUILD option is associated with the dynamic construction of .
the design data base by the applications programs. Two values
have significance. :

BUILD = 0O

BUILD = 1
The zero value specifies that prcvxously.unduflned variables
from the previous program will not be stored A value of one

specifies that all information from the prevxous_prpgram will be
stored in: the data base regardiess of its previous. data base

status. The value of BUILD may be changed from program-to-program’

by use. of-the ADD command:
*ADD BUILD = n'

in the input data of the .applications program. The change in the
BUILD option becomes effective for the procran wkere it ccc
and remains effective until chanzed again. The BUILD opticn Q:
affects data coming from technology programs. It has ne effect
on ADD commands or cother us¢r communication comran-is.

DBDUMP is an optlon whlch specxfles that the entlrc data base ke
prxnted after each appllcatlons program execution. t should Le
noted that this option is mandatory when selected. Sexectlv

printing of the data base xs accomplxshed bv the PRINT directive.

ELTIME is a timing option. It is selected by a deflnlng ELTI\E
and reserving 7 locations in the data base.

‘DEFINE ELTIME = 7, description,’
wWhen selected, a timing routinc will be activated. This rcutine
monitors the individual and cunmulative conmputer “rOCCSSluJ para-
meters for the applications prourans. The parameters are identi-
fied on the printed output.

INDUMP is an optional data bace name which specifies the prin
of the modified input stream for the applications vrograms.
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modified input stream represents the input file in exactly the

form the applications program will read it. The INDUMP option

is useful in the early phases of linking programs for debugcing
_purposes. '

OUTDMP is an optional data base name which specifies the printing
of the special data base output file, NMLIST, which contains all
the information available for entry into the data base. The OUT~
DMP can be used to determine what information is available from

a given applications program or simply as a debuggzng aid in the
carly phases of the analysis. :

PAGDMP is an optioh available to the pregrammer for detecting
errors within the ODINEX prograrm. It has little use. to the

analyst using the system. It is mentioned only uccause PAGDMP
is an excluded data base name.
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